Development of prevention and control strategies to address animal health and related problems in densely populated livestock areas of the community by Huirne, R.B.M. & Winhorst, H.W.
Directorate-General for Research
Life sciences, genomics and biotechnology for health
Food quality and safety
DEVELOPMENT OF PREVENTION 
AND CONTROL STRATEGIES TO ADDRESS ANIMAL HEALTH 
AND RELATED PROBLEMS 
IN DENSELY POPULATED LIVESTOCK AREAS 
OF THE COMMUNITY
EUROPEAN COMMISSION
EUR 205762003
FAIR programme
LEGAL NOTICE: 
Neither the European Commission nor any person acting on behalf of the Commission is responsible for the use which might be made of the 
following information.
The views expressed in this publication are the sole responsibility of the author and do not necessarily reflect the views of the European
Commission.
A great deal of additional information on the European Union is available on the Internet. It can be accessed through the Europa server
(http://europa.eu.int).
Cataloguing data can be found at the end of this publication.
Luxembourg: Office for Official Publications of the European Communities, 2003
ISBN 92-894-4661-7
© European Communities, 2003
Reproduction is authorised provided the source is acknowledged.
Printed in Italy
(XURSHDQ&RPPLVVLRQ
'HYHORSPHQWRISUHYHQWLRQDQGFRQWUROVWUDWHJLHVWRDGGUHVVDQLPDOKHDOWKDQGUHODWHGSUREOHPVLQGHQVHO\SRSXODWHGOLYHVWRFNDUHDVRIWKH&RPPXQLW\
)LQDO5HSRUW)$,5±&7
(GLWHGE\5%+XLUQH'HSDUWPHQWRI)DUP0DQDJHPHQW:DJHQLQJHQ8QLYHUVLW\:DJHQLQJHQ7KH1HWKHUODQGV
+::LQGKRUVW,QVWLWXWHIRU6SDWLDO$QDO\VLVDQG3ODQQLQJLQ$UHDVRI,QWHQVLYH$JULFXOWXUH8QLYHUVLW\RI9HFKWD9HFKWD*HUPDQ\
6SRQVRUHGE\WKH(XURSHDQ&RPPLVVLRQ'LUHFWRUDWH*HQHUDOIRU5HVHDUFK)$,5352*5$00(

&217(176
,QWURGXFWLRQ  *HQHUDOLQWURGXFWLRQ5%+XLUQH7KH1HWKHUODQGV 
7DVN$'HYHORSPHQWDQGVWDQGDUGLVDWLRQRIGDWDDQGPHWKRGVXVHGWRLGHQWLI\GHQVHO\SRSXODWHGOLYHVWRFNDUHDV  'HQVHO\SRSXODWHGOLYHVWRFNDUHDVGHILQLWLRQDQGVSDWLDOGLVWULEXWLRQLQWKH(XURSHDQ8QLRQ±DFDVHVWXG\IRUILYHPHPEHUVWDWHV,0LFKHODQG+::LQGKRUVW*HUPDQ\

 9HWHULQDU\LQIRUPDWLRQV\VWHPD*,6EDVHGWRROER[IRUKDQGOLQJDQGDQDO\VLQJHSLGHPLRORJLFDOULVNIDFWRUVLQGHQVHO\SRSXODWHGOLYHVWRFNDUHDV0(KOHUVDQG00RHOOHU*HUPDQ\

7DVN%4XDQWLILFDWLRQDQGFODVVLILFDWLRQRIWKHULVNRIVXFKDUHDVIURPDGLVHDVHSRLQWRIYLHZ  $VXUYH\RIFDWWOHSLJDQGVKHHSKHUGFKDUDFWHULVWLFVLQGHQVHO\DQGVSDUVHO\SRSXODWHGOLYHVWRFNDUHDVRIWKH(XURSHDQ8QLRQ0%HWWLR60DUDQJRQ1)HUUHDQG00DUWLQL,WDO\

 5LVNRILQWURGXFWLRQRI&ODVVLFDO6ZLQH)HYHULQGHQVHO\DQGVSDUVHO\SRSXODWHGOLYHVWRFNDUHDVDSSOLFDWLRQRIWKHPXOWLSOHDWWULEXWHGHFLVLRQPDNLQJPHWKRG1)HUUH00DUWLQL&3DVTXDO0%HWWLRDQG60DUDQJRQ,WDO\

 5DWLRRIIDWWHQLQJSLJVVRZDVDPRYHPHQWLQGH[DSSOLFDWLRQWRWKHULVNDQDO\VLVLQ&6)LQ%ULWWDQ\9&KHYDOLHU**HUELHU9$XYLJQH%'XUDQGDQG)0RXWRX)UDQFH

 2FFXUUHQFHRIUHVSLUDWRU\GLVHDVHRXWEUHDNVLQIDWWHQLQJSLJVUHODWLRQWRWKHIHDWXUHVRIDGHQVHO\DQGDVSDUVHO\SRSXODWHGSLJDUHDLQ)UDQFH15RVHDQG)0DGHF)UDQFH

 'LVHDVHULVNDQGIDFWRUVLQUHODWLRQWRPDQDJHPHQWDQGFRQWDFWSDWWHUQVZLWKHPSKDVLVRQ$XMHV]N\GLVHDVHRQSLJIDUPVLQDGHQVHO\SRSXODWHGOLYHVWRFNDUHD.+X\VPDQV-+RR\EHUJKV39\W)&DVWU\FN*9HUEHNH0GH%HFNHUDQG5*HHUV%HOJLXP

7DVN&$QDO\VLVRIUHFHQWGLVHDVHRXWEUHDNVRI&6)DQG)0'LQRUGHUWRWHVWDQGUHILQHULVNSDUDPHWHUV  3UHGLFWLRQRIWKHOLNHOLKRRGRIVSUHDGRI&ODVVLFDO6ZLQH)HYHU9LUXVWKURXJKµQHLJKERXUKRRGLQIHFWLRQV¶IRUGLIIHUHQWUHJLRQVLQ%HOJLXP.0LQWLHQV+/DHYHQV-'HZXOIDQG).RHQHQ%HOJLXP

 $JUHHPHQWRIFRPPXQLWLHVZLWKGHQVHSLJSRSXODWLRQVDQGFRPPXQLWLHVZLWKKLJKULVNIRUQHLJKERXUKRRGVSUHDGRIFODVVLFDOVZLQHIHYHULQ%HOJLXP+/DHYHQV.0LQWLHQV-'HZXOI).RHQHQDQG$GH.UXLI%HOJLXP

 0RGHOOLQJWKHHIIHFWRIKHUGVL]HRQWKHKHUGSUREDELOLW\RILQIHFWLRQDSSOLFDWLRQWRWKHLQIHFWLRQRIDLUERUQH)0'**HUELHU9&KHYDOLHU53RXLOORW%'XUDQGDQG)0RXWRX)UDQFH

7DVN'&RVWEHQHILWDQDO\VLVRIGLVHDVHSUHYHQWLRQDQGFRQWUROVWUDWHJLHVLQVXFKDUHDV  $GHFLVLRQWUHHIRURSWLPLVLQJFRQWUROPHDVXUHVGXULQJWKHHDUO\VWDJHVRID)RRWDQG0RXWK'LVHDVHHSLGHPLF)7RPDVVHQ$GH.RHLMHU00RXULWV$'HNNHUDQG5+XLUQH7KH1HWKHUODQGV

 3UREDELOLW\RI&ODVVLFDO6ZLQH)HYHU9LUXVLQWURGXFWLRQLQWKH(XURSHDQ8QLRQDQDO\VLVDQGPRGHOOLQJ&GH9RV+6DDWNDPSDQG5+XLUQH7KH1HWKHUODQGV

 6SDWLDODQGVWRFKDVWLFVLPXODWLRQWRFRPSDUHWZRHPHUJHQF\YDFFLQDWLRQVWUDWHJLHVZLWKDPDUNHUYDFFLQHLQWKH'XWFK&ODVVLFDO6ZLQH)HYHUHSLGHPLF0-0DQJHQ$-DOYLQJK01LHOHQ00RXULWV'.OLQNHUEHUJDQG$'LMNKXL]HQ7KH1HWKHUODQGV

6XPPDU\DQGFRQFOXVLRQV  2YHUDOOVXPPDU\DQGFRQFOXVLRQV5+XLUQH7KH1HWKHUODQGVDQG+::LQGKRUVW*HUPDQ\ 
/LVWRISDUWLFLSDQWV 
'HYHORSPHQWRISUHYHQWLRQDQGFRQWUROVWUDWHJLHVWRDGGUHVVDQLPDOKHDOWKDQGUHODWHGSUREOHPVLQGHQVHO\SRSXODWHGOLYHVWRFNDUHDVRIWKH&RPPXQLW\
*HQHUDOLQWURGXFWLRQ
5%+XLUQH
*HQHUDOLQWURGXFWLRQ
5+XLUQH
 ,QWURGXFWLRQDQGEDFNJURXQG
'HQVHO\SRSXODWHGOLYHVWRFNDUHDVKDYHGHYHORSHGEHFDXVHWKH\KDYHFRQVLGHUDEOHHFRQRPLFDGYDQWDJHV IRUERWK WKH IDUPHUV LQYROYHGDQG WKHDJULEXVLQHVV LQGXVWU\7KHLUGHYHORSPHQWJLYHVULVHKRZHYHUWRDQLQFUHDVHGULVNIRUWKHLQWURGXFWLRQDQGVSUHDGRIQRWLILDEOHDQLPDOGLVHDVHV 7KH FRVW RI GHDOLQJ ZLWK WKHVH SUREOHPV LV SODFLQJ LQFUHDVLQJO\ KHDY\ ILQDQFLDOEXUGHQV RQ WKH FRPPHUFLDO DQG SXEOLF VHFWRUV5HFHQW RXWEUHDNV RI&ODVVLFDO 6ZLQH )HYHU&6)DQG)RRWDQG0RXWK'LVHDVH)0'KDYHFOHDUO\VKRZQWKHH[WHQWRIWKHSUREOHPDQGWKHQHHGWRUHFRQVLGHUWKHSUHYHQWLRQDQGFRQWUROVWUDWHJLHVWKDWFRXOGEHVWEHDSSOLHGWRVXFKUHJLRQV)RU VRPH LPSRUWDQW DQG FOHDU UHDVRQV IDUPHUV SURGXFH PDQ\ DQLPDOV GDLU\ FRZV SLJVSRXOWU\ HWF LQ UHODWLYHO\ VPDOO DUHDV NQRZQ DV FRQFHQWUDWLRQ DUHDV RU GHQVHO\ SRSXODWHGOLYHVWRFN DUHDV '3/$V 6WURQJ PDWHULDO DQG LQIRUPDWLRQ OLQNV DV WKH\ H[LVW LQ DQLPDOSURGXFWLRQ DUH RIWHQ DVVRFLDWHG ZLWK VXFK DJJORPHUDWLRQV RI HFRQRPLF DFWLYLW\$JJORPHUDWLRQHIIHFWVWKDWDULVHIURPWKHFOXVWHULQJRIDFWLYLWLHVDQGZKLFKDUHH[WHUQDOWRWKHIDUP RU ILUP DUH FDOOHG H[WHUQDO HFRQRPLHV RI VFDOH $ FRPPRQ GLVWLQFWLRQ FDQ EH PDGHEHWZHHQWZRW\SHVRIH[WHUQDOHFRQRP\ORFDOLVDWLRQHFRQRPLHVDQGXUEDQLVDWLRQHFRQRPLHV/RFDOLVDWLRQHFRQRPLHVDUHFRVWVDYLQJVVSHFLILFWRWKHHVWDEOLVKPHQWRIDSDUWLFXODULQGXVWU\VXFKDVWKRVHWKDWDULVHIURPVSDWLDOSUR[LPLW\WRWKHXQLWVWRZKLFKWKH\DUHOLQNHGVXFKDVDSLJIDWWHQLQJIDUPDQGDVODXJKWHUKRXVH,QDQLPDOSURGXFWLRQIDFHWRIDFHFRQWDFWVEHWZHHQSURGXFHUVVXFKDVLQVWXG\JURXSVDUHYHU\LPSRUWDQWIRUWKHH[FKDQJHRILQIRUPDWLRQDQGH[SHULHQFHSRVVLEO\ IRFXVHGRQ LQQRYDWLRQV FRRSHUDWLRQDQGVKDULQJH[SHQVLYHSURGXFWLRQIDFWRUV VXFK DV WUDQVSRUW FRVWV 0RUHRYHU JURXS FRKHVLRQ FRXQWHUYDLOLQJ SRZHU DQGFRPSHWLWLRQ WR EH WKH EHVW FDQ EH VWLPXODWHG E\ DFWLQJRSHUDWLQJ DV D JURXS 8UEDQLVDWLRQHFRQRPLHVDUHFRVWVDYLQJVWRDOOIDUPVILUPVDULVLQJIURPORFDWLRQLQDQXUEDQDUHDVXFKDVWUDQVSRUWIDFLOLWLHVDUDQJHRILQGXVWULDODQGRIILFHSUHPLVHVRUDSRRORIFKHDSODERXU,QWKLVZD\ SURGXFWLRQ FRVWV RI DOO IDUPVILUPV LQYROYHG FDQ EH NHSW ORZ DQG LQIRUPDWLRQ FDQ EHH[FKDQJHGHDVLO\7KHVHDUHFRQVLGHUDEOHDGYDQWDJHVIRU'3/$V8UEDQLVDWLRQHFRQRPLHVDUHUHODWHGWRVHWWOHPHQWVL]HWKHODUJHUWKHVHWWOHPHQWWKHJUHDWHUWKHSRWHQWLDO HFRQRPLHV 8UEDQLVDWLRQ GLVHFRQRPLHV VXFK DV FRQJHVWLRQ ULVLQJ ODQG SULFHV
SROOXWLRQDQGWKHHVFDODWLQJFRVWVRISURYLGLQJSXEOLFVHUYLFHVPD\DOVRFRPHLQWRRSHUDWLRQDV WKH VL]H RI XUEDQ DUHDV LQFUHDVH 7KH VDPH LV WUXH IRU ORFDOLVDWLRQ GLVHFRQRPLHV0DMRUORFDOLVDWLRQGLVHFRQRPLHVLQDQLPDOSURGXFWLRQLQFOXGHFRPSHWLWLRQLQREWDLQLQJODQGQHHGHGWRJURZFHUHDOVRU WR VSUHDGPDQXUH DQG WKHRFFXUUHQFH VSUHDG DQG FRQWURO RI FRQWDJLRXVDQLPDOGLVHDVHVVXFKDV&6)DQG)0'7KHDUJXPHQWIRUDUHODWLRQVKLSEHWZHHQOLQNDJHVDQGDJJORPHUDWLRQVLVXVXDOO\EDVHGRQWKHFRVWVDYLQJVWKDWILUPVIDUPVPD\DFFUXHIURPORFDOOLQNDJHV$OWKRXJKWUDQVSRUWFRVWVDUHDQLPSRUWDQWORFDWLRQIDFWRULQSLJSURGXFWLRQWKH\DUHRQO\RQHDVSHFWRIWKHHIIHFWRIGLVWDQFHRQ FRVWV 'LVWDQFH DOVR LQIOXHQFHV WKH FRVW RI PDLQWDLQLQJ FRQWDFW E\ H[FKDQJH RILQIRUPDWLRQ7KLV LVHVSHFLDOO\ LPSRUWDQWZKHUHQRQVWDQGDUGLVHGJRRGVDUHEHLQJSURGXFHGDQGFORVHFRQWDFWEHWZHHQVXSSOLHUDQGSURGXFHUVLVYLWDODVLVWKHFDVHZLWKSURGXFLQJSLJVRU PLON DFFRUGLQJ WR FHUWDLQ VSHFLILFDWLRQV YDOXHDGGHGFKDLQ SURGXFWLRQ 7KHUH DUH DOVRYDULDWLRQVLQWKHVLJQLILFDQFHRIWUDQVSRUWFRVWVEHWZHHQGLIIHUHQWVL]HGIDUPVILUPVVXFKDVIHHGPLOOVLQGLYLGXDOVZLQHSURGXFHUVWKHPLONSURFHVVLQJLQGXVWU\DQGVODXJKWHUKRXVHV
 2EMHFWLYHV
7KHPDLQREMHFWLYHVRIWKHSURMHFWWKHUHIRUHDUHWRGHYHORSPHWKRGVRILGHQWLI\LQJGHQVHO\SRSXODWHGOLYHVWRFNDUHDVDQGWRGHYHORSWRROVWKDWDUHQHFHVVDU\LQRUGHUWRUHGXFHULVNVDQGKHOS VROYH SUREOHPV LQ VXFK DUHDV )RU WKLV LQVLJKW LV JLYHQ LQWR WKH IROORZLQJ IRXU NH\UHVHDUFKTXHVWLRQV :KLFKDUHDVRIWKH(8DUHGHQVHO\SRSXODWHGZLWKOLYHVWRFN" :KDWDUHWKHULVNIDFWRUVIRUWKHLQWURGXFWLRQRIQRWLILDEOHDQLPDOGLVHDVHVLQWRWKHVHDUHDV" :KDW DUH WKH ULVN IDFWRUV IRU IXUWKHU VSUHDG RI QRWLILDEOH DQLPDO GLVHDVHV LQ WKHVHDUHDV" :KLFK VSHFLILF SUHYHQWLRQ DQG FRQWURO VWUDWHJLHV IRU QRWLILDEOH DQLPDO GLVHDVHV DUHSRVVLEOHDQGZKDWDUHWKHFRVWVDQGEHQHILWV"
7KHVHNH\UHVHDUFKTXHVWLRQVKDYHEHHQGLVFXVVHGIUHTXHQWO\LQWKH&RPPLVVLRQDQGLQ(8PHPEHU VWDWH FRXQWULHV ERWK IRUPDOO\ DQG LQIRUPDOO\ +RZHYHU WKLV GLG QRW UHVXOW LQFRQFUHWH DQGZRUNDEOH VROXWLRQV ZLWK ZKLFK WKH UHDO SUREOHPV FDQ EH WDFNOHG 7KH UHFHQWRXWEUHDNV RI )0' LQ WKH8.)UDQFH DQG7KH1HWKHUODQGV DUH D VDG H[DPSOH ,Q RUGHU WR
HQVXUHGHILQLWLYHDQGSUDFWLFDOUHVXOWV LQ WKHFXUUHQWSURMHFW WKHNH\UHVHDUFKTXHVWLRQVKDYHEHHQWUDQVODWHGLQWRWKHIROORZLQJIRXUZRUNLQJWDVNV7DVN$ 'HYHORSPHQW DQG VWDQGDUGLVDWLRQ RI GDWD DQG PHWKRGV XVHG WR LGHQWLI\ GHQVHO\SRSXODWHGOLYHVWRFNDUHDV7DVN% 4XDQWLILFDWLRQ DQG FODVVLILFDWLRQ RI WKH ULVN RI VXFK DUHDV IURP D GLVHDVH SRLQW RIYLHZ7DVN& $QDO\VLV RI UHFHQW GLVHDVH RXWEUHDNV RI &6) DQG )0' WR WHVW DQG UHILQH ULVNSDUDPHWHUV7DVN' &RVWEHQHILWDQDO\VLVRIGLVHDVHSUHYHQWLRQDQGFRQWUROVWUDWHJLHVLQVXFKDUHDV
 *HQHUDORUJDQLVDWLRQRIWKHSURMHFWDQGGHOLYHUDEOHV
7KH FRPSOHWLRQ RI WKH SURMHFW PDNHV LW SRVVLEOH WR LGHQWLI\ DUHDV LQ WKH (8 ZKLFK DUHFKDUDFWHULVHG E\ D KLJK ULVN ZLWK UHVSHFW WR WKH LQWURGXFWLRQ DQG IXUWKHU VSUHDG RI PDMRUDQLPDOGLVHDVHV7KHUHVXOWVHQDEOHWKH(8WRVWLPXODWHPHDVXUHVWKDWUHGXFHWKHULVNDQGWRGHFLGH ZKDW PHDQV VKRXOG EH XVHG LQ SDUWLFXODU DUHDV WR UHGXFH WKH FRVW RI DQ RXWEUHDN5HGXFHG ULVN IDFWRUV DQG LPSURYHG FRQWURO VWUDWHJLHV KHOS WR HQVXUH WKDWPHDVXUHV WKDW DUHYHU\FRVWO\DQGQRORQJHUSXEOLFO\DFFHSWDEOHVXFKDVWKHVWDPSLQJRXWRIDODUJHQXPEHURIKHUGVWKDWGRQRWVKRZDQ\VLJQVRIDQLQIHFWLRQDUHQRORQJHUXVHG0RUHVSHFLILFDOO\WKHPDMRUUHVXOWVEHQHILWVIURPWKHSURMHFWLQFOXGHx WKH DELOLW\ WR LGHQWLI\GHQVHO\SRSXODWHG OLYHVWRFNDUHDV DQG WR FKDUDFWHULVH WKH VHFWRUDODQGVSDWLDOVWUXFWXUHSDWWHUQRIWKHOLYHVWRFNLQGXVWU\LQVXFKDUHDVx WKHGHYHORSPHQWRIVRIWZDUHWRROVWKDWDOORZWKHDQDO\VLVRIDYDLODEOHGDWDVHWVLQRUGHUWRFKDUDFWHULVHWKHULVNVIRUGHQVHO\SRSXODWHGOLYHVWRFNDUHDVDQGWRUDQNWKHPZLWKUHVSHFWWRWKHULVNRILQWURGXFWLRQDQGIXUWKHUVSUHDGRIPDMRUGLVHDVHVVXFKDV&6)DQG)0'x WKH GHYHORSPHQW RI D FRPSXWHULVHG PRGHOOLQJ DSSURDFK IRU FDUU\LQJ RXW FRVWEHQHILWDQDO\VHVRIUHOHYDQWSUHYHQWLRQDQGFRQWUROVWUDWHJLHVIRUPDMRUDQLPDOGLVHDVHVLQGHQVHO\SRSXODWHGOLYHVWRFNDUHDVDLPHGDWVXSSRUWLQJSROLF\PDNHUVDW(8QDWLRQDODQGUHJLRQDOOHYHOVx WKHSRVVLELOLW\RIXVLQJ WKHGDWDFROOHFWHGDQGVRIWZDUH WRROVGHYHORSHGIRU WKHVWXG\RIIDFWRUV RWKHU WKDQ GLVHDVH ULVN VXFK DV HQYLURQPHQWDO SUREOHPV UHVXOWLQJ IURP WKHFRQFHQWUDWLRQRIOLYHVWRFN,QDGGLWLRQPRVWLPSRUWDQWWHFKQLFDOGHOLYHUDEOHVLQFOXGH
x DFRPSXWHULVHGWRROER[IRUWKHLGHQWLILFDWLRQDQGDQDO\VLVRIGHQVHO\SRSXODWHGOLYHVWRFNDUHDVx DPHWKRGRIUDQNLQJGHQVHO\SRSXODWHGOLYHVWRFNDUHDVDFFRUGLQJWRWKHLUULVNx DQ LQWHJUDWHGPRGHO DSSURDFK IRU WKH HYDOXDWLRQRISUHYHQWLRQ DQG FRQWURO VWUDWHJLHV RIQRWLILDEOHGLVHDVHVLQGHQVHO\SRSXODWHGOLYHVWRFNDUHDV
 'HWDLOHGUHVHDUFKSODQDQGRUJDQLVDWLRQRIWKHWH[W
7KH UHVXOWV RI WKH SURMHFW DUH SUHVHQWHG LQ WKLV UHSRUW 7KH UHSRUW LV RUJDQLVHG LQWR IRXUVHFWLRQVRQHSHUWDVNFRPSOHPHQWHGE\DQµJHQHUDOLQWURGXFWLRQ¶DQGµJHQHUDOVXPPDU\DQGFRQFOXVLRQV¶ (DFK VHFWLRQ LV GLYLGHG LQWR VHYHUDO FKDSWHUV DV LQWURGXFHG DQG H[SODLQHGEHORZ
7DVN$ 'HYHORSPHQW DQG VWDQGDUGLVDWLRQ RI GDWD DQG PHWKRGV XVHG WR LGHQWLI\ GHQVHO\SRSXODWHGOLYHVWRFNDUHDV)ROORZLQJGLVFXVVLRQVLQVHYHUDORIWKH&RPPLVVLRQ¶VZRUNVKRSVDVZHOODVLQWKH6FLHQWLILF9HWHULQDU\ &RPPLWWHH¶V VSHFLDO VXEJURXS LW EHFDPH FOHDU WKDW WKH GDWD DYDLODEOH IURP(85267$7FRXOGQRWEHWKHEDVLVIRUWKHLGHQWLILFDWLRQRIGHQVHO\SRSXODWHGOLYHVWRFNDUHDVDV LQPRVW FDVHV WKH VSDWLDO UHIHUHQFHXQLWV DUH WRR ODUJH+HQFH REWDLQLQJGDWDRQ VPDOOHUUHIHUHQFHXQLWVEHFDPHQHFHVVDU\,QUHODWLRQWRGLVHDVHPDQDJHPHQWHVSHFLDOO\IRUQRWLILDEOHGLVHDVHVWKHDUHDVRISURWHFWLRQDQGVXUYHLOODQFH]RQHVGHILQHGDURXQGDQRXWEUHDNDUHDDUHDVXLWDEOHUHIHUHQFHXQLWEHFDXVHWKHHFRQRPLFLPSDFWRIDQRXWEUHDNLVSDUWLFXODUO\UHODWHGWRWKHVH DUHDV 7DVN $ ZDV GLUHFWHG WRZDUGV REWDLQLQJ WKLV GDWD LQ D VWDQGDUGLVHG ZD\ DQGGHYHORSLQJPHWKRGVWRPDNHLWDYDLODEOHIRUIXUWKHUXVHWKURXJKXVHUIULHQGO\VRIWZDUH7KH PDLQ PHWKRGRORJ\ DSSOLHG ZLWKLQ 7DVN $ ZDV WKH GHYHORSPHQW RI D IOH[LEOH DQGVWDQGDUGLVHG GDWDEDVH WKDW LQFOXGHG DQG ZDV FHQWHUHG RQ WKH JHRJUDSKLFDO FRRUGLQDWHV RILQGLYLGXDO OLYHVWRFNKROGLQJV7KHGDWDEDVHKDVDGLUHFW OLQNZLWKJHRJUDSKLFDO LQIRUPDWLRQV\VWHPVVRIWZDUHWRDOORZXVHUIULHQGO\FRPPXQLFDWLRQDQGDQDO\VHV+RZHYHUDOWKRXJKLWLVNQRZQZKHUHWKHKLJKDQGORZFRQFHQWUDWLRQVRIOLYHVWRFNDUHZLWKLQWKH(8WKHUHLVQRFOHDU DQG XQLTXH GHILQLWLRQ RI WKH WHUP µGHQVHO\ SRSXODWHG OLYHVWRFN DUHDV¶ &KDSWHU WKHUHIRUH DGGUHVVHV WKLV LVVXH LQ JUHDW GHWDLO LH LW VHUYHV WR GHILQH GHQVHO\ SRSXODWHGOLYHVWRFN DUHDV DV ZHOO DV WR SURYLGH ERWK VSDWLDOO\RULHQWHG PHWKRGV DQG LQGLFHV IRULGHQWLI\LQJ VXFK DUHDV  VXFK DV WKH*,1,LQGH[ WRPHDVXUH WKH GLVWULEXWLRQ RI KHUG VL]HVZLWKLQDQDUHDDQGWKH1HDUHVW1HLJKERXU,QGH[WRFKDUDFWHULVHWKHGLVWULEXWLRQRIGLVWDQFHV
EHWZHHQOLYHVWRFNKROGLQJV7KHVHPHWKRGVDQGLQGLFHVZHUHWKHQFDOFXODWHGDQGDSSOLHGWRGHQVHO\ SRSXODWHG OLYHVWRFN DUHDV VHH &KDSWHU  ,Q SDUWLFXODU WKH VRFDOOHG 1HDUHVW1HLJKERXU ,QGH[ 11, WKH /RUHQ] FXUYH IRU HVWLPDWLQJ WKH VNHZQHVV RI DQLPDO GHQVLW\GLVWULEXWLRQVWKH*,1,LQGH[DQGDQDGYDQFHGDQGGHWDLOHGNHUQHOWRROIRUGHQVLW\HVWLPDWLRQZHUHGHYHORSHGDVXVHUIULHQGO\WRROVIRUGHFLVLRQPDNHUVDQGWKHQDSSOLHGWRVRPHVHOHFWHG'3/$V7KHVH LQGLFHV DQG WRROV VKRXOG EH VHHQ DV D ORJLFDO QH[W VWHS LQ DQDO\VLQJ DQLPDOGHQVLWLHV LQ VSDWLDO WHUPV LH WKHQH[W VWHSRQ IURP LQGLFHV VXFK DVQXPEHURI DQLPDOV SHUVTXDUHNPDVGHILQHGLQ&KDSWHU
7DVN% 4XDQWLILFDWLRQDQGFODVVLILFDWLRQRI WKHULVNRIGHQVHO\SRSXODWHG OLYHVWRFNDUHDVIURPDGLVHDVHSRLQWRIYLHZ7KHULVNRIGHQVHO\SRSXODWHGOLYHVWRFNDUHDVIRUWKHLQWURGXFWLRQDQGVSUHDGRIGLVHDVHVPD\GHSHQGRQIDFWRUVVXFKDVKHUGVL]HDQGKHUGORFDWLRQDQDO\VHGLQ7DVN$+RZHYHURWKHULQIOXHQFLQJ IDFWRUV VXFK DVPDQDJHPHQW SUDFWLFHV RI WKH IDUPHUV DQG WUDGHSDWWHUQVZLWKLQLQWRDQGRXWRIWKHDUHDPD\DOVREHLPSRUWDQW7DVN%WKHUHIRUHDLPVWRREWDLQWKLVRIWHQPRUHTXDOLWDWLYHLQIRUPDWLRQLQRUGHUWRSURYLGHLQVLJKWLQWRZKDWGLIIHUHQFHVLQWKHW\SHRIOLYHVWRFN LQGXVWU\H[LVWDPRQJDQGZLWKLQDUHDVDQGZKHWKHURUQRW WKH\VKRXOGUHVXOW LQDPRGLILFDWLRQ RI WKH ULVN UDWLQJ RI WKH UHVSHFWLYH DUHDV )LUVW RI DOO DQ H[WHQVLYH VXUYH\ RQFDWWOH SLJ DQG VKHHS KHUGV LV FDUULHG RXW LQ RUGHU WR FKDUDFWHULVH WKH VWUXFWXUH RI VSDUVHO\SRSXODWHGOLYHVWRFNDUHDV63/$VDQG'3/$VLQWHUPVRIIDUPPDQDJHPHQWFKDUDFWHULVWLFVDQLPDO FRQWDFWV YHKLFOH PRYHPHQWV KXPDQ FRQWDFWV DQG ELRVHFXULW\ PHDVXUHV EHWZHHQIDUPVKHUGV&KDSWHU7KHQDVDORJLFDOQH[WVWHSULVNDQDO\VHVDUHSHUIRUPHGUHIHUULQJWRWKHLQWURGXFWLRQRI&6)LQ63/$VDQG'3/$VXVLQJWKHUHVXOWVDQGLQVLJKWVREWDLQHGIURPWKH VXUYH\ &KDSWHU  )RU WKLV D QHZPXOWLSOH DWWULEXWH WHFKQLTXH KDV EHHQ GHYHORSHG LQZKLFKWKHVHYHUDOXQGHUO\LQJULVNIDFWRUVDUHFRPELQHGLQWRRQHRYHUDOOULVNLQGH[%DVHGRQWKHLQIRUPDWLRQFROOHFWHGWRJHWKHUZLWKWKHLQIRUPDWLRQIURP7DVN$WKLVPHWKRGLVXVHGWRUDQNGHQVHO\SRSXODWHGOLYHVWRFNDUHDVZLWKUHVSHFWWRGLVHDVHULVN&KDSWHUDQGLQFORVHFRRSHUDWLRQZLWK7DVN&±VHHEHORZ$GGLWLRQDO UHJUHVVLRQDQDO\VLV WHFKQLTXHV DQG HSLGHPLRORJLFDO DQG PDWKHPDWLFDO UDWLRWHFKQLTXHVZHUHXVHGWRDQDO\VHWKHVXUYH\GDWDLQRUGHUWRFDOFXODWHWKHULVNRIWKRVHDUHDVXQGHUFRQVLGHUDWLRQDQGWRYDOLGDWHWKLVDJDLQVWWKHDFWXDORXWEUHDNVRIQRWLILDEOHGLVHDVHVLQVHOHFWHG(8FRXQWULHV&KDSWHUV$PRQJRWKHUV WKHWHFKQLTXHRIPXOWLYDULDWHDQDO\VHVZDVXVHGWRGHILQHDQGDQDO\VHWKHLPSRUWDQFHRIGLIIHUHQFHVLQULVNSURILOHVRILQGLYLGXDOIDUPVLQUHODWLRQWRWKHULVNZLWKLQWKHUHJLRQDUHD7RWHVWIRUJHQHUDOLW\ WKHPHWKRGVKDYHDOVR EHHQ DSSOLHG WR RWKHU DQLPDO GLVHDVHV DQG DUHDVFRXQWULHV &KDSWHU  GHDOV ZLWK
UHVSLUDWRU\GLVHDVHRXWEUHDNVLQIDWWHQLQJSLJV63/$VYHUVXV'3/$VLQ)UDQFHDQG&KDSWHUGHDOVZLWK$XMHV]N\¶V'LVHDVHRQSLJIDUPVLQ'3/$VLQ%HOJLXP
7DVN& $QDO\VLV RI UHFHQW RXWEUHDNV RI &6) DQG )0' WR WHVW DQG UHILQH WKH ULVNSDUDPHWHUV7KHPDMRU DLP RI 7DVN& LV WR YDOLGDWH VWLOO IXUWKHU WKH ULVN UDQNLQJ RI GHQVHO\ SRSXODWHGOLYHVWRFNDUHDVDVREWDLQHGLQ7DVN%XVLQJGDWDIURPUHFHQWRXWEUHDNV$VVKRZQDJDLQE\WKHPDMRURXWEUHDNVLQ%HOJLXP*HUPDQ\DQG7KH1HWKHUODQGV&6)LVDPDMRUWKUHDWWRERWKWKHSULYDWHLQGXVWU\DQGWKHSXEOLFVHFWRUDQGKHQFHKDVEHHQFKRVHQDWWKHEHJLQQLQJRIWKHSURMHFW LQ  DV WKH GLVHDVH WR EH XVHG IRU WKH YDOLGDWLRQ$GGLWLRQDO DQDO\VHV EXW OHVVGHWDLOHGKDYHEHHQFDUULHGRXWIRU)0'ZLWKUHFHQWRXWEUHDNV LQ WKH8.)UDQFHDQG7KH1HWKHUODQGV$YDLODEOH GDWD RQ WKH &6) RXWEUHDNV LQ WKH WKUHH ILUVWPHQWLRQHG FRXQWULHV LH %HOJLXP*HUPDQ\DQG7KH1HWKHUODQGVZHUHDQDO\VHG&KDSWHUVDQGXVLQJVLPLODUPHWKRGVWRJDLQTXDQWLWDWLYH LQVLJKW LQWRERWK WKH VSDWLDO DQGTXDQWLWDWLYH G\QDPLFV RI&6) LQ GHQVHO\SRSXODWHGOLYHVWRFNDUHDVDVZHOODVLQWRWKHXQGHUO\LQJIDFWRUVLHHSLGHPLRORJ\$VWXG\RQ)0'LVFRQGXFWHGLQ&KDSWHU'LIIHUHQFHVLQG\QDPLFVDQGXQGHUO\LQJIDFWRUVEHWZHHQWKH DUHDV ZHUH UHODWHG WR HJ KHUG VWUXFWXUH WUDGLQJ SDWWHUQV DQLPDO FRQWDFWV HWF 7KHVHILQGLQJVZHUHFRPSDUHGZLWKWKHULVNUDQNLQJRIWKHDUHDVDVGHWHUPLQHGLQ7DVN%IRUIXUWKHUYDOLGDWLRQRIWKHULVNUDQNLQJWRROV7KHLPSURYHGXQGHUVWDQGLQJRIWKHHSLGHPLRORJ\RI&6)DQG)0'LQGHQVHO\SRSXODWHGOLYHVWRFNDUHDVKHOSVWRGHILQHGLVHDVHSUHYHQWLRQDQGFRQWUROVWUDWHJLHV WKDW DUH DGDSWHG WR VSHFLILF FRQGLWLRQV H[LVWLQJ LQ WKHVH DUHDV UHVXOWLQJ LQ IDVWHUHUDGLFDWLRQDQGORZHUFRVWVVHH7DVN'7R REWDLQ D EHWWHU XQGHUVWDQGLQJ RI WKH G\QDPLFV RI WKH RXWEUHDNV LW ZDV FRQVLGHUHGLPSRUWDQW LQ WKHDQDO\VHV WR LQFOXGHERWK WKHVSDWLDOSDWWHUQRIGLVHDVHRXWEUHDNVDVZHOODVWKHLUGLIIXVLRQRYHUWLPH7KLVZDVPDGHSRVVLEOHE\WKHXVHRIVSDWLDODQGVXUYLYDODQDO\VLVWHFKQLTXHVDVGHYHORSHGLQ7DVN$6SDWLDODQDO\VLV LVDUHODWLYHO\QHZWHFKQLTXHLQDQLPDOKHDOWKPDQDJHPHQW WKDW DOORZV IRU WKH LQFOXVLRQ RI WKH JHRJUDSKLFDO FRPSRQHQW LQWRPRUHRUGLQDU\ VWDWLVWLFDO DQDO\VHV VXFK DV UHJUHVVLRQ DQDO\VLV 6XUYLYDO DQDO\VLV RIIHUV WKHSRVVLELOLW\RIVWXG\LQJWKHGLIIXVLRQRYHUWLPH7KLVLVH[SODLQHGLQ&KDSWHUV
7DVN' &RVWEHQHILW DQDO\VLV RI GLVHDVH SUHYHQWLRQ DQG FRQWURO VWUDWHJLHV LQ GHQVHO\SRSXODWHGOLYHVWRFNDUHDV7KH SXEOLF LQFUHDVLQJO\ SHUFHLYHV WKH VODXJKWHULQJ RI ODUJH QXPEHUV RI DQLPDOV DQG WKHGHVWUXFWLRQ RI WKHLU FDUFDVVHV LQ WKH FDVH RI DQ RXWEUHDN RI D QRWLILDEOH GLVHDVH DV ERWK
ZDVWHIXODQGHWKLFDOO\XQDFFHSWDEOH,WLVDOVRDFRVWO\PHDVXUHDKHDY\ILQDQFLDOEXUGHQIRUERWK (8 PHPEHU VWDWHV DQG SURGXFHUV 7KHUH LV D QHHG WKHUHIRUH WR GHILQH LH IXUWKHUUHILQH HIIHFWLYH SUHYHQWLRQ DQG FRQWURO VWUDWHJLHV WDNLQJ LQWR DFFRXQW WKH VSHFLILFFKDUDFWHULVWLFV RI WKH GHQVHO\ SRSXODWHG OLYHVWRFN DUHD XQGHU FRQVLGHUDWLRQ7KLV LV DQ DUHDZKHUHIXUWKHUHSLGHPLRORJLFDODQGHFRQRPLFUHVHDUFKLVUHTXLUHGDQGRQZKLFK7DVN'ZDVIRFXVHG&RPSXWHUVLPXODWLRQPRGHOVKDYHEHHQGHYHORSHGWKDWDOORZFRVWEHQHILWDQDO\VHVRIDOWHUQDWLYHRSWLRQVIRUGLVHDVHSUHYHQWLRQDQGFRQWUROLQGHQVHO\SRSXODWHGOLYHVWRFNDUHDVWDNLQJLQWRDFFRXQWGLIIHUHQWFRQGLWLRQVDQGVFHQDULRVFRQVLGHULQJWKHLQWURGXFWLRQRIWKHGLVHDVH LQWR DQ DUHD  WKH IXUWKHU VSUHDG RI WKH GLVHDVH  WKH GLUHFW FRVW RI FRQWUROPHDVXUHV DQG  WKH LQGLUHFW HIIHFWV GXH WR WUDGH UHVWULFWLRQV7KHVHPRGHOV DUH GHVFULEHGDQGDSSOLHGLQ&KDSWHUV7DVN'PDGHXVH RI VWRFKDVWLF VLPXODWLRQPRGHOV DW KHUG DQG UHJLRQDO OHYHOV UHVSHFWLYHO\&RPSXWHUVLPXODWLRQLVDPHWKRGIRUDQDO\VLQJDSUREOHPE\FUHDWLQJDPDWKHPDWLFDOPRGHORI WKHV\VWHPXQGHUFRQVLGHUDWLRQ WKDWFDQ WKHQEHPDQLSXODWHGE\ LQSXWPRGLILFDWLRQ ,W LVSDUWLFXODUO\ XVHIXOZKHUH UHDOOLIH H[SHULPHQWDWLRQ LV LPSRVVLEOH FRVWO\ RU GLVUXSWLYH DV LVWKH FDVH ZLWK KLJKO\ FRQWDJLRXV GLVHDVHV DV ZHOO DV IRU H[SORULQJ QHZ FRQWURO VWUDWHJLHV&KDSWHU  DQG  6SHFLILF FRQMRLQW DQDO\VHV ZHUH XVHG WR REWDLQ NQRZOHGJH IURPH[SHUWVDVWRWKHUHODWLYHLPSRUWDQFHRIULVNIDFWRUVIRU WKHLQWURGXFWLRQRIDGLVHDVHLQWRDQDUHDDVREMHFWLYHO\DQGTXDQWLWDWLYHO\DVSRVVLEOH&KDSWHU'HFLVLRQDQDO\VLVWHFKQLTXHVZHUH XVHG LQ HYDOXDWLQJ WKH HFRQRPLF UHVXOWV RI GLIIHUHQW FRQWURO VWUDWHJLHV &KDSWHU )LQDOO\ WUDGHRULHQWHG PRGHOV KDYH EHHQ GHYHORSHG IRU D EURDGHU FRYHUDJH RI DOO FRVWVLQYROYHG7KHVHPRGHOVDUHGHVFULEHGLQ&KDSWHU
7DVN$
'HYHORSPHQWDQGVWDQGDUGLVDWLRQRIGDWDDQGPHWKRGVXVHGWRLGHQWLI\GHQVHO\SRSXODWHGOLYHVWRFNDUHDV
'HQVHO\SRSXODWHGOLYHVWRFNDUHDV'HILQLWLRQDQGVSDWLDOGLVWULEXWLRQLQWKH(XURSHDQ8QLRQ±$FDVHVWXG\IRUILYHPHPEHUVWDWHV
,0LFKHODQG+::LQGKRUVW
9HWHULQDU\,QIRUPDWLRQ6\VWHP$*,6EDVHGWRROER[IRUKDQGOLQJDQGDQDO\VLQJHSLGHPLRORJLFDOULVNIDFWRUVLQGHQVHO\SRSXODWHGOLYHVWRFNDUHDV
0DQIUHG(KOHUVDQG0DWWKLDV0|OOHU

'HQVHO\SRSXODWHGOLYHVWRFNDUHDV'HILQLWLRQDQGVSDWLDOGLVWULEXWLRQLQWKH(XURSHDQ8QLRQ±$FDVHVWXG\IRUILYHPHPEHUVWDWHV
,0LFKHODQG+::LQGKRUVW
$EVWUDFW7KHFHQWUHVRIDQLPDOSURGXFWLRQLQWKH(8DUHPRUHRUOHVVZHOONQRZQDQGLQPRVWFDVHVQDPHG DIWHU SURYLQFHV RU QDWXUDO ODQGVFDSHV 7KXV %ULWWDQ\ LV WKH FHQWUH RI SURGXFWLRQ LQ)UDQFH WKH 3R YDOOH\ LQ ,WDO\ SDUWV RI /RZHU6D[RQ\ DQG 1RUWKUKHLQ:HVWSKDOLD LQ*HUPDQ\HWF7KLVGHVFULSWLRQQHJOHFWVKRZHYHUWKHLQWHQVLW\UHDFKHGLQWKHVHDUHDVDVZHOODV WKH DQLPDO GHQVLW\ DQG WKH H[DFW GHILQLWLRQ RI WKH ERXQGDULHV &RQVLGHULQJ WKH IDFW WKDWWKHVHSURGXFWLRQUHJLRQVZHUHPHQWLRQHGDJDLQDQGDJDLQLQWKHPHGLDLQFRQQHFWLRQZLWKWKHRXWEUHDNVRI DQLPDOGLVHDVHV VXFKDJHQHUDOGHVFULSWLRQ LV LQVXIILFLHQW$V WKH(8 VHWV WKHOHJDO IUDPHZRUN IRU D GLVHDVH RXWEUHDN D PRUH SUHFLVH GHILQLWLRQ RI GHQVHO\ SRSXODWHGOLYHVWRFN DUHDV DW WKH (8 OHYHO LV QHFHVVDU\ D GHILQLWLRQ DW D QDWLRQDO OHYHO ZRXOG EH DGLVDGYDQWDJH7KHPDLQJRDORIWKLVSDSHULVWRSURYLGHDFDOFXODWLRQIRUILYHPHPEHUVWDWHVDVDEDVLVIRUDFODVVLILFDWLRQWKDWPDNHVLWSRVVLEOHWRUDQNPXQLFLSDOLWLHVDFFRUGLQJWRWKHLUDQLPDOGHQVLW\DQLPDOVSHUNPðRIODQGDUHDLQGHQVHO\DQGVSDUVHO\SRSXODWHGOLYHVWRFNDUHDV'3/$VDQG63/$V7ZRSDUDOOHOFDOFXODWLRQVZHUHFDUULHGRXW2QHGHDOVZLWKUXPLQDQWVFDWWOHVKHHSJRDWVDQGSLJVDQLPDOVZKLFKZRXOGEHDIIHFWHGE\DQRXWEUHDNRI)RRGDQG0RXWK'LVHDVH)0'$ VHFRQG FDOFXODWLRQ RQO\ GHDOVZLWK SLJV IRU RQO\ WKH\ZRXOG EH DIIHFWHG E\ DQRXWEUHDNRI&6)'3/$VDUHGHILQHGDVPXQLFLSDOLWLHVZLWKPRUH WKDQDQLPDOVNPðRUPRUHWKDQSLJVNPð
 ,QWURGXFWLRQ
'DWDIURPWKHDQLPDOFHQVXVHVLQ%HOJLXP)UDQFH*HUPDQ\,WDO\DQG7KH1HWKHUODQGVZDVXVHGIRUDGHILQLWLRQRI'3/$V7RUHDFKDVSDWLDOSDWWHUQRQDVPDOO VFDOHGDWD IRUFDWWOHSLJV VKHHS DQG JRDWV LV QHHGHG RQ WKH PXQLFLSDOLW\ OHYHO $ VHFRQG GDWDEDVH ZDV WKHFDGDVWUDODUHDRIWKHPXQLFLSDOLWLHVLHWKHGHQVLW\YDOXHVGRQRWUHIHUWRWKHODQGLQIDUPVDVVXFKDYDOXHLVLUUHOHYDQWLQFDVHRIDGLVHDVHRXWEUHDN)RUWKHVDPHUHDVRQQRFRQYHUVLRQ

WDEOHVZHUHXVHG)RUWKHUDQNLQJRIPXQLFLSDOLWLHVDFFRUGLQJWRWKHLUGLVHDVHULVNWKHULVNIRUDQRXWEUHDNDQGWKHGLVVHPLQDWLRQRIDQLQIHFWLRXVGLVHDVHZRXOGKDYHWREHFDOFXODWHGRQWKHEDVLV RI HDFK VSHFLHV 6XFK GDWD LV QRW DYDLODEOH KRZHYHU IRU DQ RXWEUHDN DQG WKHGLVVHPLQDWLRQ RI D GLVHDVH WKH RUJDQLVDWLRQ RI SURGXFWLRQ LV DOVR UHOHYDQW $V VXFKLQIRUPDWLRQFDQQRWEHFRQFOXGHGIURPWKHDQLPDOFHQVXVDOOVSHFLHVDUHRQO\FRQVLGHUHGE\WKHLUQXPEHU
 7KHGDWDEDVH
7KH GDWDEDVH GHYHORSHG IRU )0' DQG &6) UHIHUV WR  DQG  PXQLFLSDOLWLHVUHVSHFWLYHO\DQGDQDUHDRIDQGPLOOLRQNPðUHVSHFWLYHO\7KHGLIIHUHQFHVDUHGXHWRWKHDYDLODELOLW\RIGDWDIRUWKH)HGHUDO5HSXEOLFRI*HUPDQ\,QWRWDO*HUPDQ\KDVPXQLFLSDOLWLHV )LVFKHU:HOWDOPDQDFK  )RU WKH FDOFXODWLRQ RI DQLPDO GHQVLW\ RQ WKHPXQLFLSDOLW\OHYHORQO\GDWDSDLUVZHUHDYDLODEOHIRU)0'DQGIRU&6)7KLVLVGXHRQWKHRQHKDQGWRWKHIDFWWKDWIRXURIWKHILYHVWDWHVLQHDVWHUQ*HUPDQ\GRQRWSXEOLVKDQLPDO GDWD DW WKLV DGPLQLVWUDWLYH OHYHO DQG RQ WKH RWKHU KDQG WR GLVFORVHG GDWD ZKHQ DFHUWDLQQXPEHURIIDUPVKROGVDFHUWDLQSHUFHQWDJHRIDQLPDOVLQDPXQLFLSDOLW\1HYHUWKHOHVVWKHYDVWPDMRULW\RI WKHDQLPDOSRSXODWLRQ LVFRQWDLQHGZLWKLQ WKHFDOFXODWLRQV2I WKHPLOOLRQKHDGVRIFDWWOHPLOOLRQDUHLQWKHGDWDEDVHRIWKHPLOOLRQSLJVPLOOLRQDUHLQWKHGDWDEDVHDQGRIWKHPLOOLRQVKHHSPLOOLRQDUHLQWKHGDWDEDVHDOOGDWDIURP$QRWKHU LPSRUWDQW SUREOHP RULJLQDWHV IURP WKH GLIIHUHQFHV LQ WKH DQLPDO FHQVXVHV LQ WKHPHPEHU VWDWHV *HUPDQ\ GRHV QRW FRXQW JRDWV EHFDXVH WKHLU WRWDO QXPEHUV DUH VR ORZ%HOJLXP GDWD FDQQRW EH FRPSDUHG WR WKRVH RI RWKHU FRXQWULHV LQ WKH (8 DV LW LV QRW WKHQXPEHU RI SLJV WKDW DUH FRXQWHG RQ D FHUWDLQ GD\ EXW WKH QXPEHU RI SODFHV ,Q DGGLWLRQSLJOHWVDUHQRWFRXQWHG,QRUGHUWREHDEOHWRXVHWKH%HOJLXPGDWDDFRQYHUVLRQPHWKRGZDVXVHG IURP WKH ³&HQWUDO $QLPDO +HDOWK $VVRFLDWLRQ´ 8NNHO %HOJLXP 7R DYRLG IXUWKHUSUREOHPV WKH FODVVLILFDWLRQ IRU VRZV KRJV SLJOHWV HWF ZDV QRW XVHG EXW RQO\ WKH WRWDOQXPEHURIDQLPDOVIRUHDFKVSHFLHV,QDGGLWLRQWRWKHGLIIHUHQFHVLQWKHPHWKRGRORJ\RIWKHFHQVXVHVDQGWKHJHQHUDODYDLODELOLW\RIWKHGDWDWKH\HDUVIRUZKLFKGDWDVHWVDUHDYDLODEOHDWDOOGLIIHUFRQVLGHUDEO\)UDQFHRQO\SXEOLVKHVGDWDDW WKHDGPLQLVWUDWLYH OHYHORI WKHFDQWRQDQG WKH ODVW FRPSOHWHGDWD VHW LVIURP'XWFKGDWDRQWKHRWKHUKDQGVWHPVIURP7DEOHVKRZVDVXPPDU\RI

WKHEDVLV GDWDXVHG,WEHFRPHVREYLRXVWKDWWKLVEDVLVLVQRWRSWLPDOEXWZLWKUHVSHFWWRWKHGLIIHUHQFHV LQ WKHPHWKRGRORJ\ RI DQLPDO FHQVXVHV LQ WKH(8PHPEHU VWDWHV LW LV WKH EHVWSRVVLEOH
7DEOH %DVLVGDWDIRUFDOFXODWLRQV% ) 'D 'E , 1/\HDURIFHQVXV     &RPPXQLW\QR      DUHDLQNPð      WRWDOQRRIFDWWOH     WRWDOQRRISLJV F    WRWDOQRRIVKHHS     WRWDOQRRIJRDWV   QRGDWD  D )RUUHDVRQVRISULYDF\FRPPXQLWLHVDUHFORVHGE )RUUHDVRQVRISULYDF\FRPPXQLWLHVDUHFORVHGF &DOFXODWHGSLJQXPEHU
 'HILQLWLRQRI'3/$V
$VPHQWLRQHGEHIRUHWKHDQLPDOGHQVLW\ZDVFDOFXODWHGIURPWKHQXPEHURIDQLPDOVDQGWKHDUHDRIDPXQLFLSDOLW\7RUHDFKDFODVVLILFDWLRQRIGHQVHO\SRSXODWHGOLYHVWRFNDUHDVGHQVLW\FODVVHVZHUH IRUPHGDQLPDOVNPðDQLPDOVNPðDQLPDOVNPðHWF7KHVDPHFDOFXODWLRQZDVWKHQFDUULHGRXWIRUSLJV)LJXUHVKRZVWKDWWKHRYHUZKHOPLQJQXPEHURIPXQLFLSDOLWLHV EHORQJV WR WKH FODVVHVZLWK ORZ GHQVLWLHV 7KLV GLVWULEXWLRQ IRFXVVHG IXUWKHUFRQVLGHUDWLRQVRQ WKHRI WKHPXQLFLSDOLWLHVZLWK KLJKHVW GHQVLWLHV7KLV SHUFHQWDJHZDVXVHGDVZHDUHFRQYLQFHGWKDWWKHYDVWPDMRULW\RIWKHPXQLFLSDOLWLHVEHORQJWRFODVVHVZLWKORZRUPRGHUDWH GHQVLW\ LI RQH UHDOO\ZDQWV WR LGHQWLI\ GHQVHO\ SRSXODWHG OLYHVWRFN DUHDV$QRWKHU DVSHFWZDV WKH DVVXPSWLRQ WKDW OHJDO UHJXODWLRQV IRU DOOPHPEHU VWDWHV RI WKH(8ZLWKUHVSHFWWRGLVHDVHSUHYHQWLRQZRXOGRQO\EHDFFHSWHGDQGFRXOGRQO\EHDSSOLHGLIWKHDUHDDIIHFWHGGLGQRWVXUSDVVRIWKHWRWDOODQGDUHRIWKH(87KH DSSHQGL[ VKRZV WKH WDEOHV IRU ERWK FDOFXODWLRQV RQZKLFK WKH GHILQLWLRQ RI'3/$V LVEDVHG0XQLFLSDOLWLHVZLWKPRUHWKDQDQLPDOVNPðDUHFODVVLILHGDV'3/$VIRU)0'LQWRWDO  IDOO LQWR WKLV FODVV )RU&6) WKH YDOXH LVPRUH WKDQ  SLJVNPð KHUH PXQLFLSDOLWLHVDUHFODVVLILHGDVGHQVHO\SRSXODWHG$VWKHUHPDLQLQJPXQLFLSDOLWLHVFRXOGQRWEHFODVVLILHGDVVSDUVHO\SRSXODWHGZLWKRXWDEXIIHUWKHIROORZLQJFODVVLILFDWLRQZDVXVHGDOO
 1XPEHURISLJOHWV QXPEHURIVRZSODFHV[[ ,QFRRSHUDWLRQZLWK&OD]LHQGH9RV:DJHQLQJHQ$JULFXOWXUDO8QLYHUVLW\

PXQLFLSDOLWLHV WKDW EHORQJ WR WKH ZLWK ORZHU GHQVLWLHV ZHUH FODVVLILHG DV 63/$V WKHUHPDLQLQJDVPXQLFLSDOLWLHVZLWKDPHGLXPGHQVLW\)URP7DEOHRQHFDQVHHWKDWWKHVHSHUFHQWDJHVKDYHWREHXQGHUVWRRGDVDEDVLVIRUD³URXJK´FODVVLILFDWLRQDQGWKDWDFFRUGLQJWRWKHGDWDVHWWKH\KDYHWREHPRGLILHG,WEHFRPHVREYLRXVKRZHYHU WKDW WKHGLVWULEXWLRQRIWKH SHUFHQWDJHV LV VLPLODU IRU WKH QXPEHU RIPXQLFLSDOLWLHV DVZHOO DV IRU WKH DUHD LQ WKHVHPXQLFLSDOLWLHV
)LJXUH 'LVWULEXWLRQRIFRPPXQLWLHVLQGHQVLW\FODVVHVIRUSLJVDQGDQLPDOV
7DEOHD 0DUJLQDOYDOXHVIRUWKHFODVVLILFDWLRQRI'3/$V03/$VDQG63/$VIRU)0'DQGWKHLUVKDUHLQRIWKHQXPEHURIPXQLFLSDOLWLHVDQGWKHDUHD&ODVV PDUJLQDOYDOXHDQLPDOVNPð 1XPEHURIFRPPXQLWLHV RIFRPPXQLWLHV RIDUHD63/$    03/$    '3/$ !   
7DEOHE 0DUJLQDOYDOXHVIRUWKHFODVVLILFDWLRQRI'3/$V03/$VDQG63/$VIRU&6)DQGWKHLUVKDUHLQRIWKHQXPEHURIPXQLFLSDOLWLHVDQGWKHDUHDFODVV PDUJLQDOYDOXHSLJVNPð 1XPEHURIFRPPXQLWLHV RIFRPPXQLWLHV RIDUHD63/$    03/$    '3/$ !   
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,I D PXQLFLSDOLW\ UHDFKHV D GHQVLW\ YDOXH RI PRUH WKDQ  SLJVNPð EXW OHVV WKDQ DQLPDOVNPðLWZRXOGRQWKHRQHKDQGEHFODVVLILHGDVD'3/$IRU&6)DQGRQWKHRWKHUDVD03/$ IRU)0'$V SLJV FDUU\ D KLJK ULVN LQ WKH GLVVHPLQDWLRQ RI )0' DOO FRPPXQLWLHVZLWKDGHQVLW\RIPRUHWKDQSLJVNPðDUHDOVRFODVVLILHGDV'3/$VIRU)0'7KHUHDUHUHVSHFWLYHPXQLFLSDOLWLHVEXWWKH\DUHQRWFRQWDLQHGLQWKHILJXUHVLQ7DEOHD
5HVXOWV
$GHWDLOHG DQDO\VLV RI WKH UHVXOWV RI WKH GHILQLWLRQ IRU WKH ILYH FRXQWULHV VKRZV UHVXOWV WKDWGLIIHU FRQVLGHUDEO\ :KHUHDV IRU H[DPSOH LQ 7KH 1HWKHUODQGV PRUH WKDQ  RI WKHPXQLFLSDOLWLHVDQGLQ%HOJLXPPRUHWKDQKDYHWREHFODVVLILHGDV'3/$VLQ)UDQFHOHVVWKDQEHORQJWRWKLVFODVVDQGLQ*HUPDQ\DQG,WDO\EHWZHHQDQG7KHGLIIHUHQFHVDUHHYHQKLJKHUZKHQORRNLQJDWWKHDYHUDJHGHQVLWLHV7KH'XWFKPXQLFLSDOLW\0LHUORVKRZVWKHKLJKHVW YDOXHZLWK  DQLPDOVNPð WKLV LVPXFK KLJKHU WKDQ WKH KLJKHVW YDOXH WKDWZDVUHDFKHG LQ )UDQFH LQ   DQLPDOVNPð LQ /RPEDOOH 7KH LQFUHDVH LQ WKH SLJSRSXODWLRQLQ)UDQFHWRPRUHWKDQPLOOLRQLQPD\KRZHYHUKDYHUHGXFHGWKHJDSEXWWKH'XWFKYDOXHLVDOVRPXFKKLJKHUWKDQWKHKLJKHVWYDOXHLQ*HUPDQ\LQ'DPPH DQLPDOVNPð ,Q %HOJLXP WKH PD[LPXP ZDV DWWDLQHG LQ /LFKWHUYHOGH DQLPDOVNPðLQLQ,WDO\&XPLJDQDRVXO1DYLJOLRUHDFKHGDPHGLXPYDOXHZLWKDQLPDOVNPðFIOLVWRIWKHPXQLFLSDOLWLHVZLWKWKHKLJKHVWDQLPDOGHQVLWLHVZLWKUHVSHFWWR)0' LQ WKH DSSHQGL[ 7KH PDSV LQ WKH DSSHQGLFHV VKRZ WKH GLIIHUHQFHV LQ WKH VSDWLDOGLVWULEXWLRQRI'3/$V:KHUHDV7KH1HWKHUODQGVDQG%HOJLXPVKRZFRQWLQXRXVDUHDVZLWKDQDYHUDJHGHQVLW\RIPRUHWKDQDQLPDOVNPðVXFKDUHDVFDQQRWEHIRXQGLQ)UDQFHDQG*HUPDQ\ DW DOO DQG RQO\ LQ D IHZ ORFDWLRQV LQ ,WDO\ 2QO\ D PRUH UHFHQW GDWD VHW FRXOGLOOXVWUDWHKRZWKLVVLWXDWLRQPD\KDYHFKDQJHGLQ)UDQFHDQG,WDO\)LJXUH D DQGE VKRZDQRWKHU LPSRUWDQW DVSHFW RI WKH FRPSDULVRQ WKH SHUFHQWDJH RI WKHUHVSHFWLYHVSHFLHVWKDWDUHORFDWHGLQWKH'3/$V2QHFDQHDVLO\VHHWKDWWKHSLJSURGXFWLRQLQWKH1HWKHUODQGV DQG%HOJLXP LV DOPRVW FRPSOHWHO\ FRQFHQWUDWHG LQ UHJLRQV WKDW KDYH WR EHFODVVLILHG DV '3/$V ZKHUHDV LQ )UDQFH *HUPDQ\ DQG ,WDO\ OHVV WKDQ  RI WKH SLJSRSXODWLRQLVORFDWHGLQVXFKDUHDV2QO\LQ7KH1HWKHUODQGVLVPRUHWKDQRIWKHFDWWOHSRSXODWLRQKHOGLQ'3/$VIROORZHGE\%HOJLXP7KHVDPH LV WUXH IRUJRDWV ,Q ,WDO\DQG)UDQFH WKHSHUFHQWDJH IRUJRDWV LV OHVVWKDQHYHQLIWKHYDOXHVIRU)0'LVXVHG7KHQXPEHURIVKHHSLQ'3/$VLVKLJKHVWLQ

%HOJLXP IROORZHG E\ 7KH 1HWKHUODQGV 7KH SHUFHQWDJH LQ *HUPDQ\ )UDQFH DQG ,WDO\UHPDLQVEHQHDWKDVVHHQEHIRUHIRUJRDWV
)LJXUHD 7KHVKDUHRIOLYHVWRFNORFDWHGLQ'3/$VIRU)0'SHUFRXQWU\
)LJXUHE 7KHVKDUHRIOLYHVWRFNORFDWHGLQ'3/$VIRU&6)SHUFRXQWU\
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QRRIFDWWOHLQ'3/$IRU&6) QRRISLJVLQ'3/$IRU&6) QRRIVKHHSLQ'3/$IRU&6) QRRIJRDWVLQ'3/$IRU&6)

$W D KLJKHU DGPLQLVWUDWLYH OHYHO WKH UHVXOW LV WKH VSDWLDO GLVWULEXWLRQ SDWWHUQ DV VKRZQ LQ)LJXUH%HVLGHVWKHWZRUHJLRQVLQ)UDQFHDQG,WDO\ZKLFKDUHORFDWHGLQDODUJHGLVWDQFHIURPWKHRWKHUKLJKGHQVLW\DUHDVDFRQWLQXRXVEHOWFDQEHIRXQGUHDFKLQJIURP%HOJLXPDQG7KH1HWKHUODQGVWRQRUWKZHVWHUQ*HUPDQ\,QWKLVKLJKGHQVLW\UHJLRQDERXWRIDOOSLJVRIWKH(8ZHUHSURGXFHGLQ=03
)LJXUH '3/$VIRU)0'DQG&6)LQWKHILYHFRXQWULHVSDUWLFLSDWLQJLQWKH(8SURMHFW
'3/$V LQ WKH ILYH SDUWLFLSDWLQJ FRXQWULHV'3/$V IRU &6) DQGRU )0'QR '3/$V
7KH GHWDLOHG PDSV LQ WKH DSSHQGLFHV VKRZ DOO PXQLFLSDOLWLHV FODVVLILHG DV '3/$V :KHQFRPSDULQJWKHUHVXOWVRQWKHWZRDGPLQLVWUDWLYHOHYHOVRQHFDQVHHWKDWVRPHLQIRUPDWLRQLVORVW LQ WKHSURYLQFH OHYHO6R IRU H[DPSOH WKHSURYLQFHRI/LPEXUJ LQ WKH1HWKHUODQGV LVFODVVLILHG DV D '3/$ DOWKRXJK WKH VRXWKHUQ PXQLFLSDOLWLHV RQO\ VKRZ D ORZ RU PHGLXPGHQVLW\6HYHUDORWKHUH[DPSOHVFDQEHIRXQG7KHVDPHLVWUXHIRUWKHRSSRVLWHDQH[DPSOHLV &XQHR 3LHPRQWH LQ ,WDO\ (YHQ WKRXJK D FOXVWHU RI '3/$V FDQ EH IRXQG RQ WKHPXQLFLSDOLW\OHYHOWKHSURYLQFHDVDZKROHLVFODVVLILHGDVDQ63/$IRU)0'DQGDQ03/$IRU&6),Q RUGHU WR EH DEOH WR HVWLPDWH WKH GLVWULEXWLRQ RI WKH DQLPDO VSHFLHV LQ WKH '3/$V WKHSHUFHQWDJHRI WKHVSHFLHVIRU WKHSURYLQFHV LQ7KH1HWKHUODQGVDQG%HOJLXP WKHUHJLRQVLQ
 ,Q*HUPDQ\/DQGNUHLVHFRXQWLHVLQ)UDQFHGHSDUWPHQWV

,WDO\ WKH VWDWHV %XQGHVOlQGHU LQ*HUPDQ\ DQG WKH GHSDUWPHQWV LQ)UDQFHZDV FDOFXODWHG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7KHKLJKULVNLQGLFHVRI*HUPDQ63/$VDQG'3/$VFRXOGEHH[SODLQHGE\WKHSUHVHQFHRILQIHFWHGZLOGERDUDVVRFLDWHGZLWK WKHDEVHQFHRIDSK\VLFDOEDUULHUDURXQGWKHPDMRULW\RISLJ IDUPV '3/$V LQ %HOJLXP )UDQFH DQG ,WDO\ VKRZHG ORZHU ULVN LQGH[ YDOXHV GXH WRUHODWLYHO\ EHWWHU KHUG PDQDJHPHQW DQG WR D ORZHU LPSDFW RI WKH ULVN DVVRFLDWHG ZLWK WKHLQWURGXFWLRQRI OLYHSLJV7KH%HOJLDQ63/$ULVN LQGH[YDOXH LVPDLQO\DWWULEXWDEOH WRKHUGPDQDJHPHQWVLQFHWKHSHUFHQWDJHRIIDUPVZKHUHVZLOOZDVIHGWRSLJVZDVKLJK7KHDSSOLFDWLRQRI WKH0$'0PHWKRG WR WKHGDWDVHWRQ WKHFKDUDFWHULVWLFVRI WKH OLYHVWRFNLQGXVWU\ LQ '3/$V DQG 63/$V VKRZHG WKDW WKH ULVN DVVRFLDWHG ZLWK YHKLFOHV IRU DQLPDOWUDQVSRUWPDLQO\FRQWULEXWHGWRWKHULVNUDWLQJRIWKHVWXG\DUHDV)LJXUH:KHUHSUHVHQWLQIHFWHGZLOGERDUFRXOGFOHDUO\DIIHFWWKHOHYHORIULVNZLWKUHJDUGWRWKHLQWURGXFWLRQRI&6)LQ WKHGRPHVWLFSLJSRSXODWLRQZKLOVWKHUGPDQDJHPHQW DQGDQLPDO LQWURGXFWLRQZHUH WZRRWKHU IDFWRUV ZKLFK LQIOXHQFHG WKH ILQDO UDWLQJ 7KH 0$'0 RXWFRPH FRXOG DOORZ WKHLGHQWLILFDWLRQRIWKHPDLQIDFWRUVWKDWFRQWULEXWHWRGLVHDVHULVNDQGWKHGHILQLWLRQRISULRULWLHVIRUWKHDGRSWLRQRIVRXQGSUHYHQWLYHPHDVXUHVLQHDFKDUHD,Q WKH (XURSHDQ 8QLRQ &6) VWLOO UHSUHVHQWV D FRQWLQXLQJ WKUHDW IRU WKH SLJ LQGXVWU\ 7KHILQDQFLDOORVVHVGXHWRWKHHSLGHPLFVFRXOGEHKXJHIRUERWKWKHFRPPHUFLDODQGWKHSXEOLFVHFWRUV HVSHFLDOO\ RQFH WKH LQIHFWLRQ HQWHUV D'3/$ 7KH EHVW ZD\ WR UHGXFH ORVVHV IURPWKHVH HSLGHPLFV LV WR SUHYHQW WKH LQWURGXFWLRQ RI WKH &6) 9LUXV LQWR WKH GRPHVWLF SLJSRSXODWLRQ7KHUHLVDQHHGWRLGHQWLI\DQGFODVVLI\DUHDVDFFRUGLQJWRWKHULVNRIGLVHDVHLQWURGXFWLRQDQGWR GHILQH HIIHFWLYH SUHYHQWLRQ DQG HUDGLFDWLRQ PHDVXUHV WDNLQJ LQWR DFFRXQW WKHFKDUDFWHULVWLFVRI WKHDUHDVXQGHUFRQVLGHUDWLRQ0LFKHODQGGH9RVKDYHGHILQHGWKHFULWHULDZKLFK FDQ EH DSSOLHG WR WKH LGHQWLILFDWLRQ RI'3/$V ([SHUW HOLFLWDWLRQ WHFKQLTXHVFRXOG EH XVHG WR UDQN DUHDV FRQVLGHULQJ EHVLGHV DQLPDO GHQVLW\ RWKHU TXDOLWDWLYH DQGTXDQWLWDWLYHLQIRUPDWLRQRQWKHFKDUDFWHULVWLFVRIWKHLUOLYHVWRFNLQGXVWU\7KHDSSOLFDWLRQRIVXFK PHWKRGRORJLHV GRHV KRZHYHU UHTXLUH WKH GHILQLWLRQ LQ DOO WKH (8 FRXQWULHV RI DPLQLPXP VHW RI GDWD RQ WKH PDLQ ULVN IDFWRUV IRU GLVHDVH LQWURGXFWLRQ VXFK DV DQLPDOPRYHPHQWDQGLWVVDQLWDU\GLVFLSOLQHELRVHFXULW\PHDVXUHVHQIRUFHGDW WKHIDUPOHYHOVZLOOIHHGLQJ DQG WKH SUHVHQFH RI LQIHFWHG ZLOG ERDU &ULWHULD WR FROOHFW DQG XSGDWH WKLV GDWDZKLFK FRXOG EH SDUWO\ JHQHUDWHG E\ ,	5 DQG $1,02 V\VWHPV VKRXOG EH GHILQHG DQGXQLIRUPO\DSSOLHG7KHV\VWHPDWLFDGRSWLRQRIELRVHFXULW\SURWRFROVVKRXOGEHHQIRUFHGWRPLQLPLVHWKHULVNRILQWURGXFLQJLQIHFWLRXVGLVHDVHVLQWRSLJXQLWV7HUSVWUD$PDVDQG&ODUN,IWKLVLV WKH FDVH IXUWKHU LQIRUPDWLRQ RQ WKH FRPSOLDQFH RI SLJ IDUPV WR WKHVH SURWRFROV FRXOGUHJXODUO\EHFROOHFWHGDQGXVHGWRPRQLWRUULVNLQVXFKDUHDV7KLVFRXOGHYHQWXDOO\VWLPXODWH
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WKH LGHQWLILFDWLRQ DQG HQIRUFHPHQW RI SUHYHQWLYH PHDVXUHV DLPHG DW UHGXFLQJ WKH ULVN RIGLVHDVHDSSHDUDQFH
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 *KHQW 8QLYHUVLW\%HOJLXP WKH &DWKROLF 8QLYHUVLW\ RI /HXYHQ %HOJLXP DQG:DJHQLQJHQ $JULFXOWXUDO 8QLYHUVLW\7KH1HWKHUODQGV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)ULW]PHLHU - 7HXIIHUW - *UHLVHU:LONH , 6WDXEDFK &K 6FKOXWHU + 0RHQQLJ 9 (SLGHPLRORJ\RIFODVVLFDOVZLQHIHYHULQ*HUPDQ\LQWKH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&ODVVLFDOVZLQHIHYHULQ*HUPDQ\6RPHHSLGHPLRORJLFDODVSHFWV,Q *RRGDOO($HG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7HUSVWUD & 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&ODVVLFDO6ZLQH)HYHU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
7DEOH 5LVNIDFWRUVIRUVSUHDGRI$'9ZLWKLQDSLJIDUP
5LVNIDFWRU $XWKRUV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x *RRGK\JLHQHFOHDQVLQJRIWKHIDUPDOOLQDOORXWx 3UHVHQFHRIDVSDUHFRPSDUWPHQWx $SSOLFDWLRQRITXDUDQWLQH
3KDVH,,2QO\WKHYDULDEOHVZLWKVXIILFLHQWYDULDWLRQZHUHWDNHQLQWRDFFRXQWIRUDQDO\VLV
7DEOH ,QGHSHQGHQWIDFWRUVZLWKD3±YDOXH5LVNIDFWRU SYDOXH 5LVN5DWLR7KHSUHVHQFHRIDSUHIDWWHQLQJFRPSDUWPHQW  2QHH[WUDGD\IRUGU\LQJSHULRGLQIDUURZLQJFRPSDUWPHQW  'U\LQJSHULRGLQTXDUDQWLQH  'U\LQJSHULRGLQSLJOHWFRPSDUWPHQW  1RW XVLQJ DOOLQ DOORXW DQGRU GU\LQJ SHULRG LQ WKH SLJOHWFRPSDUWPHQW  2QHH[WUDSLJSHUFRPSDUWPHQW  3XUFKDVHRIERDUV  1RWXVLQJDOOLQDOORXWLQWKHIDWWHQLQJFRPSDUWPHQW  6DOHRIDQLPDOV  1RWXVLQJDOOLQDOORXWLQWKHSUHIDWWHQLQJFRPSDUWPHQW  1RWXVLQJDOOLQDOORXWLQWKHIDUURZLQJFRPSDUWPHQW  1RWUHJXODUO\FOHDQVLQJWKHSUHIDWWHQLQJFRPSDUWPHQW  7KUHHZHHNV\VWHP  2QHH[WUDGD\IRUGU\LQJSHULRGLQSUHIDWWHQLQJFRPSDUWPHQW  2QHH[WUDGD\IRUGU\LQJSHULRGLQIDWWHQLQJFRPSDUWPHQW  3XUFKDVHRIJLOWV  1RWFOHDQVLQJWKHIDUURZLQJFRPSDUWPHQW  5HJURXSLQJ SLJV IURP EDWWHU\ WR SUHIDWWHQLQJ DQGRU IDWWHQLQJFRPSDUWPHQW  1RWUHJXODUO\GLVLQIHFWLQJWKHSUHIDWWHQLQJFRPSDUWPHQW  

6LPSOHXQLYDULDWHDQDO\VLV7KH UHVXOWV IURP WKH VLPSOH DQDO\VLV 7DEOH  LQGLFDWH WKDW WKHUH DUH VRPH LPSRUWDQWGLIIHUHQFHVEHWZHHQIDUPVWHVWLQJSRVLWLYHDQGQHJDWLYHIRU$'9 7KHPRVW LPSRUWDQW IDFWRU VHHPV WREH WKHSUHVHQFHRI DSUHIDWWHQLQJFRPSDUWPHQW IRUSLJVEHWZHHQDQGNLORJUDPV 5HVWEHIRUHUHILOOLQJWKHFRPSDUWPHQWVVHHPVWREHDSURWHFWLQJIDFWRU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7DEOH 0LQLPXP SLJ GHQVLW\ IRU YDU\LQJ FXWRII YDOXHV IRU ZKLFK WKH DJUHHPHQWNDSSD VWDWLVWLF RI WKH VHOHFWLRQ RI FRPPXQLWLHV ZLWK KLJK ULVN IRUQHLJKERXUKRRG VSUHDG RI &6) RQ WKH RQH KDQG DQG WKH VHOHFWLRQ RIFRPPXQLWLHVZLWKGHQVHSLJSRSXODWLRQVRQWKHRWKHUKDQGZDVPD[LPDO&RPPXQLWLHVZLWKKLJKULVNIRUQHLJKERXUKRRGVSUHDGRI&6)
&RPPXQLWLHVZLWKGHQVHSLJSRSXODWLRQV
&XWRIIYDOXH
1XPEHURIFRPPXQLWLHV 0LQLPXPSLJGHQVLW\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.DSSDDJUHHPHQW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7KH52&FXUYHVIRUSLJGHQVLW\DQGIRUFXWRIIYDOXHVUDQJLQJIURP WRDUHJLYHQLQ)LJXUH  $GGLWLRQDOO\ IRU HDFK FXWRII YDOXH WKH VHQVLWLYLW\ DQG VSHFLILFLW\ DVVRFLDWHGZLWKWKHLGHQWLILFDWLRQRIFRPPXQLWLHVZLWKKLJKULVNIRUQHLJKERXUKRRGVSUHDGLVJLYHQIRUYDU\LQJPLQLPXPSLJGHQVLWLHV
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'LVFXVVLRQ
7KLV SDSHU RQO\ GHDOV ZLWK WKH ULVN IRU QHLJKERXUKRRG VSUHDG RI &6) ZKLFK LV RQO\ RQHDVSHFWRIGLVHDVHVSUHDGGXULQJ&6)HSLGHPLFV+RZHYHUWKHLPSRUWDQFHRIµQHLJKERXUKRRGLQIHFWLRQV¶ GXULQJ D&6) RXWEUHDN 0LU\ HW DO  3LWWOHU HW DO  6WHJHPDQ HW DO UHVXOWHG LQ WKHDGDSWDWLRQRI FRQWURO VWUDWHJLHV SUHHPSWLYH VODXJKWHULQJ LQRUGHU WROLPLW LWVFRQVHTXHQFHV7KHULVNDVVHVVPHQWIRU µQHLJKERXUKRRGLQIHFWLRQV¶DVGHVFULEHGE\0LQWLHQV HW DO WKLV SXEOLFDWLRQ PD\ EH XVHG E\ GHFLVLRQPDNHUV DV D 'HFLVLRQ 6XSSRUW6\VWHP '66 WR VHW SULRULWLHV GXULQJ WKH FRQWURO RI D &6) RXWEUHDN +RZHYHU WKHLPSOHPHQWDWLRQRIVXFKD'66UHTXLUHVGHWDLOHGJHRJUDSKLFDOFRRUGLQDWHVRIHYHU\SLJKHUGLQWKHDIIHFWHGUHJLRQFRXQWU\DQGWKHVHDUHQRWDOZD\VDYDLODEOH7KHUHIRUHWKHSLJGHQVLW\RIDFRPPXQLW\PD\EHDQDOWHUQDWLYHWRROIRUDVVHVVLQJWKHULVNRIµQHLJKERXUKRRGLQIHFWLRQV¶LQDFRPPXQLW\,Q WKLV VWXG\ D FRPPXQLW\ ZDV FRQVLGHUHG WR LQFRUSRUDWH D KLJK ULVN IRU QHLJKERXUKRRGVSUHDGRI&6)ZKHQWKHULVNRIµQHLJKERXUKRRGLQIHFWLRQV¶RIDWOHDVWRQHQHLJKERXUKRRGZDVKLJKHU WKDQ D SUHVHW FXWRII YDOXH 7KLV FULWHULRQ LPSOLHV WKDW QRW DOO QHLJKERXUKRRGV LQ DFRPPXQLW\ KDYH D ULVN WKDW LV KLJKHU WKDQ WKH FXWRII YDOXH0RUHRYHU WKH SURSRUWLRQ RIQHLJKERXUKRRGV KDYLQJ D ULVN IRU µQHLJKERXUKRRG LQIHFWLRQV¶ KLJKHU WKDQ WKH FXWRII YDOXHGHFUHDVHVZKHQWKHFXWRIIYDOXHLQFUHDVHV:KHQWKHFXWRIIYDOXHLVRUKLJKHUWKH.DSSDDJUHHPHQWLVRQO\PRGHUDWHRUOHVVWKDQPRGHUDWH 7DEOH  7KHUHIRUH WKH XVH RI WKH SLJ GHQVLW\ RI D FRPPXQLW\ WR VHOHFWFRPPXQLWLHV IRU ZKLFK DW OHDVW RQH QHLJKERXUKRRG LQ WKH FRPPXQLW\ KDV D ULVN RIQHLJKERXUKRRGVSUHDGRI&6)RIRUKLJKHUZLOOQRWEHDSSURSULDWH7KHKLJKSURSRUWLRQRIRYHUDOODJUHHPHQWREVHUYHGLQWKHVHFODVVHV!7DEOHFRXOGEHREWDLQHGEHFDXVHRI WKH KLJK QXPEHU RI FRPPXQLWLHV WKDW GLG QRW VDWLVI\ ERWK WKH LQFOXVLRQ FULWHULD FXWRIIYDOXHDQGPLQLPXPSLJGHQVLW\)RUWKHRWKHUFXWRIIYDOXHVWRDVXEVWDQWLDO.DSSDDJUHHPHQWZDVIRXQG+RZHYHUWKHLGHQWLILFDWLRQRIFRPPXQLWLHVZLWKKLJKULVNIRUQHLJKERXUKRRGVSUHDGRI&6)EDVHGRQWKH VHOHFWLRQ RI FRPPXQLWLHV ZLWK GHQVH SLJ SRSXODWLRQV UHVXOWV LQ D QXPEHU RIPLVFODVVLILFDWLRQV:KHQLQ%HOJLXPDPLQLPXPSLJGHQVLW\RISLJVNP LVXVHGIRUWKH LGHQWLILFDWLRQ RI FRPPXQLWLHV ZLWK D KLJK ULVN IRU QHLJKERXUKRRG VSUHDG RI &6) WKHSRVLWLYHSUHGLFWLYHYDOXH LVDQGZKHQ WKHFXWRIIYDOXH LVDQGUHVSHFWLYHO\0RUHRYHUWKHSRVLWLYHSUHGLFWLYHYDOXHIRUDJLYHQFXWRIIYDOXHZLOOGLIIHU IURP FRXQWU\ WR FRXQWU\ EHFDXVH LWV YDOXH ZLOO FKDQJH ZKHQ WKH SUHYDOHQFH RIFRPPXQLWLHVZLWKDKLJKULVNIRUQHLJKERXUKRRGVSUHDGRI&6)FKDQJHVLHWKHVPDOOHUWKLVSUHYDOHQFH WKH VPDOOHU WKH SRVLWLYH SUHGLFWLYH YDOXH 2Q WKH RWKHU KDQG&RQYHUVHO\ ZKHQ

GHFLVLRQPDNHUV DUH ULVNDYHUVH DQGZDQW WR LGHQWLI\ DOO FRPPXQLWLHV LQZKLFK DW OHDVW RQHQHLJKERXUKRRGKDVDULVNIRUQHLJKERXUKRRGVSUHDGRI&6)RIDWOHDVWWKHPLQLPXPSLJGHQVLW\KDVWREHHYHQVPDOOHUWKDQSLJVNP EHFDXVHDWWKLVGHQVLW\WKHVHQVLWLYLW\LVQRW\HW  )LJXUH  7KLV DOVRPHDQV WKDW FRPPXQLWLHVZLOO EH VHOHFWHG WKDW IXOILOO WKHPLQLPXPSLJGHQVLW\ EXWZKLFK LQFOXGHQRQHLJKERXUKRRGVZLWK D ULVN IRU QHLJKERXUKRRGVSUHDGRI&6)RIDWOHDVWVSHFLILFLW\OHVVWKDQ,QFRQFOXVLRQWKHFKRLFHRIWKHPLQLPXPSLJGHQVLW\RIDFRPPXQLW\LQRUGHUWRRSWLPLVHWKHVHOHFWLRQ RI FRPPXQLWLHV ZLWK D KLJK ULVN IRU QHLJKERXUKRRG VSUHDG RI &6) LV QRWVWUDLJKWIRUZDUG7KHFKRLFHGHSHQGVRQWKHDJUHHPHQWRIWKHVHOHFWLRQRIFRPPXQLWLHVZLWKGHQVHSLJSRSXODWLRQVDQGZLWKDKLJKULVNIRUQHLJKERXUKRRGVSUHDGRI&6)DVZHOODVRQWKHULVNVGHFLVLRQPDNHUVDUHSUHSDUHGWRWDNH
$FNQRZOHGJHPHQWV
7KHDXWKRUVZRXOGOLNHWRWKDQNWKH&HQWUDO$QLPDO+HDOWK2UJDQLVDWLRQLQ%HOJLXPIRUSURYLGLQJWKHLGHQWLILFDWLRQ	UHJLVWUDWLRQGDWDEDVH6$1,7(/97KLV VWXG\ KDV EHHQ FDUULHG RXW ZLWK WKH ILQDQFLDO VXSSRUW RI WKH FRPPLVVLRQ RI WKH (XURSHDQ&RPPXQLW\$JULFXOWXUHDQG)LVKHULHV)$,5VSHFLILF57'SURJUDPPH&7³'HYHORSPHQWRI3UHYHQWLRQDQG&RQWURO6WUDWHJLHVWR$GGUHVV$QLPDODQG5HODWHG3UREOHPVLQ'HQVHO\3RSXODWHG/LYHVWRFN$UHDVRIWKH&RPPXQLW\´7KHSDUWLFLSDQWVLQWKLVSURMHFWDUHWKH:DJHQLQJHQ$JULFXOWXUDO8QLYHUVLW\ 7KH 1HWKHUODQGV WKH 8QLYHUVLW\ RI 9HFKWD *HUPDQ\ WKH 5HJLRQDO &HQWUH IRU9HWHULQDU\ (SLGHPLRORJ\ LQ /HJQDUR ,WDO\ WKH 0LQLVWU\ RI $JULFXOWXUH %HOJLXP WKH *KHQW8QLYHUVLW\%HOJLXPWKH&DWKROLF8QLYHUVLW\RI/HXYHQ%HOJLXPDQG$))6$$OIRUW)UDQFH
5HIHUHQFHV
%HQGL[HQ+-9HWHULQDU\DFWLYLWLHVLQ(XURSH3UHVHQWDQGIXWXUH7KH9HWHULQDU\5HFRUG(OOLV35 -DPHV$' DQG6KDZ$3 6WXGLHV RQ WKH HSLGHPLRORJ\ DQG HFRQRPLFV RI VZLQHIHYHU HUDGLFDWLRQ LQ WKH ((& &RPPLVVLRQ RI WKH (XURSHDQ &RPPXQLWLHV ((& 3XEOLFDWLRQ (85H
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0LFKHO , DQG:LQGKRUVW +:  'HQVHO\ SRSXODWHG OLYHVWRFN DUHDV  GHILQLWLRQ DQG VSDWLDOGLVWULEXWLRQLQWKH(XURSHDQ8QLRQ±DFDVHVWXG\IRUILYHPHPEHUVWDWHV7KLVSXEOLFDWLRQ0LQWLHQV. /DHYHQV+'HZXOI -.RHQHQ )  3UHGLFWLRQ RI WKH OLNHOLKRRG RI VSUHDG RI&ODVVLFDO6ZLQH)HYHUYLUXVWKURXJKµQHLJKERXUKRRGLQIHFWLRQV¶IRUGLIIHUHQWUHJLRQVLQ%HOJLXP7KLVSXEOLFDWLRQ0LU\&&DVWU\FN).RHQHQ)%URHV$DQG6HJHUV(4XHOTXHVDVSHFWVGH O¶pSL]RRWLHGHSHVWHSRUFLQHFODVVLTXHHQ%HOJLTXHHQ(SLGpPLRORJLHHWVDQWpDQLPDOH3LWWOHU+)LHGOHU-DQG3ROWHQ%6ZLQHIHYHUHSLGHPLFLQ*HUPDQ\SUREOHPVDQGFRQVHTXHQFHV,Q3URFHHGLQJVRIWKHWK ,396&RQJUHVV%RORJQD,WDO\-XO\6WHJHPDQ -$ (OEHUV$5: GH 6PLW$-0RVHU+ DQG GH -RQJ0&0  %HWZHHQKHUGWUDQVPLVVLRQ RI &ODVVLFDO 6ZLQH )HYHU YLUXV GXULQJ WKH  HSLGHPLF LQ 7KH 1HWKHUODQGVDSUHOLPLQDU\ UHSRUW ,Q (OEHUV $5: HG3URFHHGLQJV RI WKH WK DQQXDO PHHWLQJ RI WKH 'XWFK6RFLHW\ IRU 9HWHULQDU\ (SLGHPLRORJ\ DQG (FRQRPLFV DQG WKH WK DQQXDO PHHWLQJ RI WKH )OHPLVK6RFLHW\RI9HWHULQDU\(SLGHPLRORJ\DQG(FRQRPLFV1RYHPEHU%R[WHO7KH1HWKHUODQGV:HVWHUJDDUG -0  +HDOWK VWUDWHJLHV WR FRQWURO VZLQH LQIHFWLRXV GLVHDVHV ,Q 'LDJQRVWLF3URFHGXUHVDQG0HDVXUHVWR&RQWURO&ODVVLFDO6ZLQH)HYHULQ'RPHVWLF3LJVDQGWKH(XURSHDQ:LOG%RDU3XODZ\3RODQG6HSWHPEHU:LQGKRUVW+: DQG'LMNKXL]HQ$$ 7KH LPSOLFDWLRQV RI KLJK GHQVLW\SLJ SRSXODWLRQV IRUGLVHDVH FRQWURO ,Q 3URFHHGLQJV RI WKH 2,( V\PSRVLXP RQ FODVVLFDO VZLQH IHYHU +RJ &KROHUD%LUPLQJKDP8QLWHG.LQJGRP-XO\

0RGHOOLQJWKHHIIHFWRIKHUGVL]HRQWKHSUREDELOLW\RIKHUGLQIHFWLRQ$SSOLFDWLRQWRWKHLQIHFWLRQE\DLUERUQH)0'
**HUELHU9&KHYDOLHU53RXLOORW%'XUDQGDQG)0RXWRX
,QWURGXFWLRQ
&DOFXODWLRQ RI WKH SUREDELOLW\ RI LQIHFWLRQ LV WKH XOWLPDWH JRDO IRU WKH ULVN DVVHVVPHQW RILQIHFWLRXVGLVHDVHV6HYHUDOVWXGLHVGHGLFDWHGWRWKHVWXG\RIWKHVSUHDGRIDLUERUQH)RRWDQG0RXWK'LVHDVH )0'DUH LQ IDFW VWRSSHG WR WKHHYDOXDWLRQRI H[SRVLWLRQ LH&DVDO HW DO 8S XQWLO QRZ WKH RQO\ VROXWLRQ IRU TXDQWLI\LQJ WKH SUREDELOLW\ RI LQIHFWLRQ LV WRFRPSDUH WKH YDOXH REWDLQHG IURP DPDWKHPDWLFDOPRGHO RI DLUERUQH VSUHDG WR WKHPLQLPDOGRVHV UHTXLUHG WR VHW XS WKH LQIHFWLRQ H[SHULPHQWDOO\ 'XULQJ DQ HSLGHPLF HDFK KHUGEHORQJLQJ WR DQ DUHD ZKHUH WKH DPRXQW RI YLUXV UHFHLYHG LV JUHDWHU WKDQ WKLV WKUHVKROG LVFRQVLGHUHG DW ULVN 1HYHUWKHOHVV LQ GHQVHO\ SRSXODWHG OLYHVWRFN DUHDV '3/$ WKH DWULVNDUHDFDQFRQWDLQDORWRIKHUGVLQSDUWLFXODUZKHQWKHVL]HRIWKHHPLWWHUKHUGLVODUJHKLJK+HUGVPD\ KDYH GLIIHUHQW VL]HV DQG FDQ WKHQ UHSUHVHQW D YDULDEOH VRXUFH RI ULVN ,W LV WKHQLPSRUWDQWWREHDEOHWRFDWHJRULVHWKHVHW\SHVNLQGVRIKHUGV7KH LQIHFWLRQ LV VHW XS DV WKH UHVXOW RI LQWHUDFWLRQEHWZHHQ WKH YLUXV DQG WKH DQLPDO)RU DJLYHQVWUDLQYLUXOHQFHLVTXLWHFRQVWDQWGXULQJDQHSLGHPLFZKHUHDVWKHVXVFHSWLELOLW\RIWKHDQLPDOVPD\YDU\ DFFRUGLQJ WR WKH VSHFLHV WKH DJH DQG WKH LPPXQH VWDWXV RI WKH DQLPDOV'XULQJDQH[SHULPHQWDOLQIHFWLRQKLJKGRVHVKDYHXVXDOO\EHHQXVHGDQGWKHQDOOWKHDQLPDOVDUH LQIHFWHG 6HOOHUV  %XW LI WKH GRVH LV ORZ YDULDEOH UHDFWLRQV DUH REVHUYHG'RQDOGVRQ 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&  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9DQ1HVHWDO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'LMNKXL]HQDQG'DYLHV3LJDQGSLJIDUPGHQVLWLHVDUHKRZHYHUQRWWKHRQO\GHWHUPLQDQWVLQWKHULVNRIYLUXVLQWURGXFWLRQ,QVLJKWLQWRDOOIDFWRUVFRQWULEXWLQJWR WKH ULVNRIYLUXV LQWURGXFWLRQ LVDSUHUHTXLVLWH IRU WDNLQJSUHYHQWLYHDFWLRQV WKDWDUHERWK

HSLGHPLRORJLFDOO\HIIHFWLYHDQGHFRQRPLFDOO\VHQVLEOHDQGLVWKHUHIRUHRIXWPRVWLPSRUWDQFHLQVXSSRUWLQJSROLF\PDNLQJ7KLVVWXG\IRFXVHVRQWKHSUREDELOLW\RI&6)9LQWURGXFWLRQIRUVHYHUDOUHJLRQVLQWKH(87KHPDLQREMHFWLYHZDVWRJDLQPRUHLQVLJKWLQWRWKHPDMRUIDFWRUVFRQWULEXWLQJWRWKLVSUREDELOLW\7ZR DSSURDFKHV ZHUH XVHG L D TXDOLWDWLYH DVVHVVPHQW WKDW SURYLGHV D WRRO IRU D TXLFNDQDO\VLV WKDW FDQ EH SHUIRUPHG ZLWK UHODWLYHO\ OLWWOH LQIRUPDWLRQ DQG LL D TXDQWLWDWLYHDSSURDFKXVLQJ D FRPSXWHUPRGHO WKDW SURYLGHVPRUH GHWDLOHG LQVLJKW LQWR WKH IDFWRUV WKDWFRQWULEXWHWRWKHSUREDELOLW\RI&6)9LQWURGXFWLRQEXWIRUZKLFKDORWRITXDQWLWDWLYHGDWDLVQHHGHG7KH SDSHU VWDUWV ZLWK DQ RYHUYLHZ RI VRPH UHOHYDQW GHILQLWLRQV 7KHQ D SDWKZD\ GLDJUDPJLYLQJ DQ RYHUYLHZ RI DOO SDWKZD\V SRVVLEO\ FRQWULEXWLQJ WR WKH SUREDELOLW\ RI &6)9LQWURGXFWLRQLVSUHVHQWHG7KLVZDVXVHGDVWKHEDVLVIRUERWKWKHTXDOLWDWLYHDVVHVVPHQWDQGWKHFRPSXWHUPRGHO5HVXOWVRIWKHTXDOLWDWLYHDVVHVVPHQWDUHJLYHQIRUILYHGHQVHO\DQGILYHVSDUVHO\SRSXODWHG OLYHVWRFNDUHDV 63/$V LQ WKH(80RGHO UHVXOWVDUHSUHVHQWHG IRU ILYH(8 PHPEHU VWDWHV 7KH SDSHU FRQFOXGHV ZLWK GLVFXVVLRQ RI WKH DSSURDFKHV XVHG DQG WKHUHVXOWVREWDLQHG
'HILQLWLRQV
$VQRWDOOGHILQLWLRQVLQWKHILHOGRIDQLPDOKHDOWKULVNDQDO\VLVDUH\HWVWDQGDUGLVHGDEULHIRYHUYLHZRINH\WHUPVXVHGWKURXJKRXWWKLVSDSHULVJLYHQILUVWRIDOO9LUXVLQWURGXFWLRQLVGHILQHGDVWKHHQWUDQFHRIDYLUXVLQWRWKHOLYHVWRFNSURGXFWLRQVHFWRURID UHJLRQ IUHH RI WKH GLVHDVH FDXVLQJ D SULPDU\ RXWEUHDN 7KH GHILQLWLRQ RI D SULPDU\RXWEUHDN ZDV GHULYHG IURP WKH (8 &RXQFLO 'LUHFWLYH ((& µDQ RXWEUHDN QRWHSL]RRWLRORJLFDOO\OLQNHGZLWKDSUHYLRXVRXWEUHDNLQWKHVDPHUHJLRQRIDPHPEHUVWDWHRUWKHILUVWRXWEUHDNLQDGLIIHUHQWUHJLRQRIWKHVDPHPHPEHUVWDWH¶&(&7KHUHJLRQVXVHGIRUWKLVGHILQLWLRQDUHDUHDVZLWKDVXUIDFHRIDWOHDVWNPWKDWPXVWEHFRQWUROOHGE\ FRPSHWHQW DXWKRULWLHV DQG DW OHDVW FRPSULVH RQH RI D FHUWDLQ PHPEHU VWDWHGHSHQGHQWDGPLQLVWUDWLYH DUHD HJ SURYLQFHV LQ %HOJLXP ,WDO\ DQG 6SDLQ FRXQWLHV LQ WKH 8QLWHG.LQJGRPDQG ,UHODQGDQGGHSDUWPHQWV LQ)UDQFH &RXQFLO'LUHFWLYH((&$UWLFOH&(&8VLQJ WKH(8GHILQLWLRQRIDSULPDU\RXWEUHDNPRUHSULPDU\RXWEUHDNVFDQ
 7KHIRFXVLQWKLVDUWLFOHLVRQ&6)9LQWURGXFWLRQLQWRWKHGRPHVWLFSLJSRSXODWLRQRIDUHJLRQ9LUXVLQWURGXFWLRQLQWRWKHZLOGERDUSRSXODWLRQKDVQRWEHHQFRQVLGHUHGEHFDXVHSUHYHQWLRQDQGFRQWUROVWUDWHJLHVXVHGDUHGLIIHUHQW&(&DVZHOODVWKHHFRQRPLFFRQVHTXHQFHVRIVXFKDQLQWURGXFWLRQ

RFFXUZLWKLQ RQH HSLGHPLF LI WKH YLUXV LV VSUHDG IURPRQH UHJLRQ WR DQRWKHU 7KLVZDV WKHFDVH IRU H[DPSOH GXULQJ WKH  &6) HSLGHPLF LQ 7KH 1HWKHUODQGV LQ ZKLFK IRXUSULPDU\RXWEUHDNVZHUHUHFRUGHG,QWURGXFWLRQ RI WKH YLUXV LV LQGXFHG E\ VRFDOOHG SDWKZD\V 7KHVH DUH WKH FDUULHUV DQGPHFKDQLVPVWKDWFDQWUDQVPLWDYLUXVIURPDQLQIHFWHGWRDVXVFHSWLEOHDQLPDO3DWKZD\VFDQHLWKHU EH H[RJHQRXV RU HQGRJHQRXV ([RJHQRXV SDWKZD\V DUH OLQNHG ZLWK YLUXV VRXUFHVRXWVLGHWKHUHJLRQZKHUHWKH\PLJKWFDXVHDSULPDU\RXWEUHDNZKHUHDVHQGRJHQRXVSDWKZD\VUHVLGHZLWKLQWKHUHJLRQDIIHFWHG7KHUHJLRQVZKHUHH[RJHQRXVSDWKZD\VPD\FRPHIURPDUHFDOOHGUHJLRQVRIRULJLQZKHUHDVWKHUHJLRQDIIHFWHGLVFDOOHGWKHWDUJHWDUHD
 3DWKZD\GLDJUDP
7R REWDLQ PRUH LQVLJKW LQWR WKH SUREDELOLW\ RI &6)9 LQWURGXFWLRQ D VRFDOOHG SDWKZD\GLDJUDPZDV FRQVWUXFWHG WR VKRZ DOO SRVVLEOH SDWKZD\V IRU &6)9 LQWURGXFWLRQ LQFOXGLQJWKHLUPDLQHYHQWVDQGLQWHUUHODWLRQV)LJXUH$SDWKZD\GLDJUDPLVDWUHHOLNHDSSURDFKWKDW SURYLGHV LQVLJKW LQWR DOO SRVVLEOH FDXVHV RI DQ DGYHUVH HYHQW 'H9RV HW DO  ,QRUGHUIRUWKHDGYHUVHHYHQWWRRFFXUDOOFRQWULEXWLQJHYHQWVRIDFHUWDLQSDWKZD\KDYHWREHWUXH$VVLJQLQJ SUREDELOLWLHV WR DOO HYHQWV LQ WKH GLDJUDPPDNHV LW SRVVLEOH WR HVWLPDWH WKHSUREDELOLW\RIRFFXUUHQFHRIWKHDGYHUVHHYHQW7KHSDWKZD\GLDJUDPFRQVLVWVRIIRXUOHYHOV6WDUWLQJDWWKHWRSRIWKHGLDJUDPWKHILUVWOHYHOFRPSULVHV WKHSDWKZD\V IRUYLUXV LQWURGXFWLRQ LQWR D UHJLRQ LQFOXGLQJERWK H[RJHQRXV DQGHQGRJHQRXVSDWKZD\V$SDWKZD\FDQRQO\FRQWULEXWHWRWKHSUREDELOLW\RIYLUXVLQWURGXFWLRQLILW LVSUHVHQW7KHH[WHQWRISUHVHQFHLVH[SUHVVHGLQSDWKZD\XQLWVZKLFKDUH WKHXQLWVLQZKLFKDSDWKZD\LVPHDVXUHGHJDQDQLPDODPHWULFWRQRIDQLPDOSURGXFWVRUDUHWXUQLQJOLYHVWRFNWUXFN:KHWKHURUQRWDQ\SDWKZD\XQLWVDUHSUHVHQWWKDWDUHLQIHFWHGRUFRQWDPLQDWHGZLWKDYLUXVLVGHWHUPLQHGDWWKHVHFRQGOHYHO2EYLRXVO\H[RJHQRXVSDWKZD\VRQO\FRQVWLWXWHDULVNLIWKH\RULJLQDWHIURPDQDUHDZKHUHWKHGLVHDVHLVSUHYDOHQW(QGRJHQRXVSDWKZD\VRQO\SRVHDULVNLI WKH\ FRQWDLQ D YLUXV UHVHUYRLU 6RPH H[RJHQRXV SDWKZD\V FDQ RQO\ FRQWULEXWH WR WKHSUREDELOLW\RIYLUXVLQWURGXFWLRQLIWKH\RULJLQDWHIURPDQHLJKERXULQJDUHDHJDLUFXUUHQWVDQG ELUGV SHWV DUWKURSRGV DQG URGHQWV 7KHVH SDWKZD\V SOD\ D PLQRU UROH LQ YLUXVLQWURGXFWLRQEHFDXVHWKH\RQO\WUDQVSRUWWKHYLUXVRYHUVKRUWGLVWDQFHV
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:KHWKHU RU QRW SUHYHQWLYH DFWLRQV VXFFHHG LQ GHWHFWLQJ DQGRU LQDFWLYDWLQJ WKH YLUXV LVHYDOXDWHGDWWKHWKLUGOHYHO2QO\DVHOHFWLRQRISUHYHQWLYHPHDVXUHVLVJLYHQLQWKHGLDJUDP0RVWDGGLWLRQDOSUHYHQWLYHPHDVXUHVWKDWFDQEHWDNHQE\DUHJLRQHJWHVWLQJRUTXDUDQWLQHFDQEHDGGHGWRWKHSDWKZD\GLDJUDPDWWKLVOHYHO,I WKHYLUXV LV VWLOOSUHVHQWDIWHUSDVVLQJ WKH WKLUG OHYHOYLUXV WUDQVIHU WR VXVFHSWLEOHGRPHVWLFDQLPDOV FDQRFFXUE\ WZRPDLQ URXWHV VZLOO IHHGLQJ WR RU GLUHFW RU LQGLUHFW FRQWDFWZLWK VXVFHSWLEOH DQLPDOV:KLFK URXWH LV UHOHYDQW GHSHQGV RQ WKH SDWKZD\ IRU YLUXV LQWURGXFWLRQ9LUXVWUDQVIHUZLOORQO\UHVXOWLQDQRXWEUHDNLIWKHYLUXVFRQYH\HGFRQVWLWXWHVDQLQIHFWLYHGRVH7KHUH LV KRZHYHU RQH H[FHSWLRQ WR WKLV JHQHUDO SDWWHUQ LPSRUW RI DQ LQIHFWHG OLYH DQLPDOOHJDOO\RULOOHJDOO\ZLOODOZD\VOHDGWRDQRXWEUHDNLIWKHDQLPDOVXUYLYHVDQGLQIHFWLRQLVQRWGHWHFWHGLQWLPH,QVXFKFDVHVVZLOOIHHGLQJRUFRQWDFWZLWKVXVFHSWLEOHDQLPDOVLVQRWUHTXLUHGLQRUGHUWRFDXVHDSULPDU\RXWEUHDNVLQFHWKHLPSRUWHGDQLPDOEHFRPHVSDUWRIWKHOLYHVWRFNSRSXODWLRQ)RU HDFK SDWKZD\ WKH PDLQ HYHQWV OHDGLQJ WR D SULPDU\ &6) RXWEUHDN DUH VKRZQ LQ WKHSDWKZD\ GLDJUDP 7KHRUHWLFDOO\ HDFK HYHQW LQ WKH SDWKZD\ GLDJUDP FDQ EH DVVLJQHG DSUREDELOLW\ WKDW LWZLOO RFFXU7KHVH DUH DOO FRQGLWLRQDO SUREDELOLWLHV LH WKH SUREDELOLW\ RIRFFXUUHQFHRIDFHUWDLQHYHQWJLYHQWKDWDOOSUHYLRXVHYHQWVKDYHRFFXUUHG7RJLYHDQH[DPSOHYLUXV LQWURGXFWLRQE\WKHSDWKZD\µUHWXUQLQJ OLYHVWRFN WUXFNV¶ZLOORQO\RFFXU LID OLYHVWRFNWUXFNUHWXUQVWRWKHUHJLRQDIWHUYLVLWLQJDQLQIHFWHGUHJLRQLIWKLVWUXFNLVFRQWDPLQDWHGZLWKYLUXVLILWLVQRWGLVLQIHFWHGSURSHUO\LILWFRPHVLQWRFRQWDFWZLWKVXVFHSWLEOHDQLPDOVDQGLIWKHYLUXVGRVHFRQYH\HGLVDWOHDVWWKHPLQLPXPLQIHFWLYHGRVH
 4XDOLWDWLYHDVVHVVPHQWRI WKHSUREDELOLW\RI&6)9LQWURGXFWLRQ LQWRGHQVHO\DQGVSDUVHO\SRSXODWHGOLYHVWRFNDUHDV
7KHSDWKZD\GLDJUDPLQ)LJXUHZDVXVHGWRTXDOLWDWLYHO\DVVHVVWKHSUREDELOLW\RI&6)9LQWURGXFWLRQ IRU ILYH GHQVHO\ DQG ILYH VSDUVHO\ SRSXODWHG OLYHVWRFN DUHDV LQ WKH (8,QIRUPDWLRQ DERXW WKH SUHVHQFH RI SDWKZD\V OHYHO  RI WKH SDWKZD\ GLDJUDP DQG WKHSRVVLELOLW\RISDWKZD\VSDVVLQJ WKHYLUXV WRVXVFHSWLEOHGRPHVWLFSLJVOHYHOZDVXVHG WRFODVVLI\WKHUHJLRQVDFFRUGLQJWRWKHLUSUREDELOLW\RI&6)9LQWURGXFWLRQ%DVLF LQIRUPDWLRQDYDLODEOHIRUHDFKUHJLRQLVSUHVHQWHG LQ7DEOH$7KLV LQIRUPDWLRQZDVXVHGWRFDOFXODWHSLJDQGIDUPGHQVLW\DQGWRGHULYHDQHVWLPDWHRI WKHQXPEHURISLJVH[SRUWHGRULPSRUWHGE\WKHUHJLRQ7DEOH%7KHHVWLPDWHVGHULYHGDUHWKHPLQLPXP

QXPEHUV RI SLJV LPSRUWHG RU H[SRUWHG 2EYLRXVO\ LQ PRVW FDVHV WKHVH ZLOO EH DQXQGHUHVWLPDWHRIWKHJURVVLPSRUWVDQGH[SRUWV7DEOH%LQGLFDWHVWKDWUHJLRQVZLWKDKLJKSLJGHQVLW\KDYHODUJHUQHWLPSRUWVRUH[SRUWVRISLJV WKDQ UHJLRQVZLWK D ORZSLJGHQVLW\6GROGHQEXUJ *(0DQWRYD ,7 DQG:HVW)ODQGHUV %( DUHPDMRU QHW LPSRUWHUV RI SLJOHWVZKHUHDV 6RXWK 1/ DQG&{WHV G¶$UPRU)5DUHPDMRUQHWH[SRUWHUV6GROGHQEXUJ*(KDVDQHWLPSRUWRIIDWWHQLQJSLJVZKHUHDV6RXWK1/0DQWRYD,7:HVW)ODQGHUV%(DQG&{WHVG¶$UPRU)5KDYHDQHWH[SRUWRIIDWWHQLQJSLJVGXH WRDVKRUWDJHRIVODXJKWHUFDSDFLW\5HJLRQVZLWKDKLJKSLJGHQVLW\DOVRKDYHDKLJKSLJIDUPGHQVLW\ZLWKWKHH[FHSWLRQRI0DQWRYD,7ZKHUHSLJVDUHFRQFHQWUDWHGLQ ODUJH LQWHQVLYHIDUPV7KHQXPEHURIDLUSRUWVZLWKUHJXODU IOLJKWV LVKLJKHVW LQ WKH&{WHVG¶$UPRU)5ZKLFKKDVIRXU7KHQXPEHURIODERUDWRULHVZRUNLQJZLWK&6)9LVKLJKHVWLQ+DQQRYHU *( ZKLFK KDV WKUHH LQFOXGLQJ WKH (8 5HIHUHQFH /DERUDWRU\ IRU &6) 7KHQXPEHU RIZLOG ERDU LV KLJKHVW LQ2UQH )5ZKLFK KDV DQ HVWLPDWHG SRSXODWLRQ RI DQLPDOV 1R &6) LQIHFWLRQV LQ ZLOG ERDU ZHUH KRZHYHU GHWHFWHG LQ UHFHQW \HDUV LQ WKHUHJLRQVOLVWHGLQ7DEOH$/DGGRPDGD6ZLOO IHHGLQJ LV IRUELGGHQ LQDOOEXW WKH*HUPDQ UHJLRQV ,Q *HUPDQ\ VZLOO IHHGLQJ LV VWLOO DOORZHG EXW RQO\ DIWHU DGHTXDWH KHDWWUHDWPHQW+HQFHLIDOOUHJXODWLRQVZHUHREVHUYHGQRQHRIWKHUHJLRQVRI7DEOH$ZRXOGVXIIHUIURPSULPDU\&6)RXWEUHDNVFDXVHGE\VZLOOIHHGLQJ7RFODVVLI\WKHUHJLRQVDVKDYLQJDORZPRGHUDWHRUKLJKSUREDELOLW\RI&6)9LQWURGXFWLRQHLJKWFULWHULDZHUHXVHG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7DEOH
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6XVFHSWLEOH IDUPVZHUH DOVR FODVVLILHG LQWR WZR FDWHJRULHV QRQYDFFLQDWHG DQG YDFFLQDWHG:HGHILQHGDQRQYDFFLQDWHG VXVFHSWLEOH IDUPDVRQHZLWKRXWSURWHFWLRQ DJDLQVW DSRVVLEOHLQIHFWLRQ ZKHUHDV D YDFFLQDWHG VXVFHSWLEOH IDUP ZDV SDUWO\ SURWHFWHG 7KH GHJUHH RISURWHFWLRQ GHSHQGHG RQ WKH WLPH LQWHUYDO EHWZHHQ YDFFLQDWLRQ DQG D SRVVLEOH LQIHFWLRQ DQGZDVH[SUHVVHGDVDSURWHFWLRQIDFWRUPRGHOOHGXVLQJDSUREDELOLW\GLVWULEXWLRQ$SSHQGL[9$V IRU WKH UHGXFWLRQ IDFWRU WKH SURWHFWLRQ IDFWRU ZDV PXOWLSOLHG E\ WKH SUREDELOLWLHV RIWUDQVPLVVLRQIRUDVLPXODWHGFRQWDFWDQGIRUORFDOVSUHDG+RZHYHULIDQLQIHFWLRXVSLJZDVPRYHG WR D VXVFHSWLEOH YDFFLQDWHG IDUP WKH SURWHFWLRQ IDFWRU ZDV QRW FRQVLGHUHG :HDVVXPHGWKDWWKLVIDUPDOZD\VEHFDPHLQIHFWHGEXWFRXOGUDUHO\EHFRPHLQIHFWLRXV
7DEOH 3UREDELOLW\ RI GHWHFWLRQ GXH WR YDFFLQDWLRQ UHODWLYH WR WKH WLPH VLQFH LQIHFWLRQ RQ DQXQGHWHFWHGLQIHFWHGIDUPDQGGHSHQGLQJRQWKHVRXUFHRILQIHFWLRQ3UREDELOLW\RIGHWHFWLRQUHODWHGWRYDFFLQDWLRQGLDJQRVLVGDWHGD\VODWHU7LPHEHWZHHQLQIHFWLRQHQWUDQFHDQGYDFFLQDWLRQGD\V
9DFFLQDWLRQGD\ D 9DFFLQDWLRQGD\ E ZHHNDIWHUYDFFLQDWLRQ
±    ±    ±    !   D )DUPLQIHFWHGE\GLUHFWDQLPDOFRQWDFWE )DUPLQIHFWHGE\WUDQVSRUWRUSHUVRQFRQWDFW
,Q WKH (8 ILHOG H[SHULPHQWV KRUL]RQWDO WUDQVPLVVLRQ ZDV VLJQLILFDQWO\ UHGXFHG IRU ERWKPDUNHU YDFFLQHV  ZHHNV DIWHU YDFFLQDWLRQ $QRQ\PRXV  ,Q RXU EDVH HPHUJHQF\YDFFLQDWLRQVFHQDULRVZHDVVXPHGWKDWPD[LPXPSURWHFWLRQDQGUHGXFWLRQZDVUHDFKHGDIWHUGD\V)RUVHQVLWLYLW\DQDO\VLV WKLVWLPHLQWHUYDOZDVUHGXFHGE\GD\VWRDVZHOODVLQFUHDVHG E\  GD\V WR  GD\V $SSHQGL[9 ,Q DQ DGGLWLRQDO DQDO\VLV RQO\ ZHHNZDVDVVXPHGQHFHVVDU\LQRUGHUWRWREXLOGXSWKHPD[LPXPSURWHFWLRQOHYHOVLPXODWLQJDOLYHYLUXVYDFFLQH
'HOD\HGGHVWUXFWLRQDOWHUQDWLYHV7KH ILUVW HPHUJHQF\ YDFFLQDWLRQ VWUDWHJ\ FDOOHG GHOD\HGGHVWUXFWLRQ '' DVVXPHG QRSROLWLFDO DFFHSWDQFH RI YDFFLQDWHG SLJ PHDW DV IUHVK PHDW LH WKH FXUUHQW (8 SROLF\9DFFLQDWLRQ ZRXOG RQO\ EH DSSOLHG WR RYHUFRPH D VKRUWDJH LQ GHVWUXFWLRQ NLOOLQJ DQGUHQGHULQJFDSDFLW\FUHDWHGE\UHJXODUO\DSSOLHGFRQWUROPHDVXUHV%HFDXVHYDFFLQDWLRQZLOOUHGXFHWKHULVNRIYLUXVVSUHDG WKHGHVWUXFWLRQRIYDFFLQDWHGIDUPVPD\EHSRVWSRQHGXQWLO

GHVWUXFWLRQ FDSDFLW\ LV DYDLODEOH $OO SLJV LQ WKH YDFFLQDWLRQ ]RQH QHHGHG WR EH GHVWUR\HGVODXJKWHUHGDQGUHQGHUHGEHIRUHWKHILQDOVFUHHQLQJFRXOGEHDSSOLHGLQRUGHUWRGHFODUHWKHUHJLRQ&6)IUHHRQFHPRUH$OOSLJVROGHUWKDQGD\VZHUHYDFFLQDWHGRQFH:HDVVXPHGWKDW YDFFLQDWHG SLJV KDG PD[LPXP SURWHFWLRQ IRU DW OHDVW  PRQWKV ,I WKH\ ZHUH QRWVODXJKWHUHG ZLWKLQ  PRQWKV WKH SLJV ZRXOG EH UHYDFFLQDWHG WR PDLQWDLQ PD[LPXPSURWHFWLRQOHYHOV$VVRRQDVDYDFFLQDWLRQ]RQHZDVGHILQHGDOOIDUPVZLWKLQWKLVYDFFLQDWLRQ]RQHZHUHSXWRQWKH SUHYHQWLYH VODXJKWHU OLVW 3ULRULWLHV ZHUH VHW WR GHDO ZLWK LQVXIILFLHQW GHVWUXFWLRQFDSDFLWLHV)LUVWO\DOOIDUPVORFDWHGZLWKLQWKHUHJXODUSUHYHQWLYHVODXJKWHUUDGLXVNPDVZHOODVFRQWDFWIDUPVZHUHGHVWUR\HG7KLVJURXSZDVVSOLWIXUWKHU)DUPVQRWSUHGHVWLQHGIRUYDFFLQDWLRQZHUHJLYHQWKHKLJKHVWSULRULW\IROORZHGE\IDUPVZKHUHYDFFLQDWLRQZDVQRW\HWDSSOLHGDQGILQDOO\YDFFLQDWHGIDUPV,QWKHFDWHJRU\RIWKHYDFFLQDWHGIDUPVKLJKHUSULRULW\ZDV JLYHQ WR IDUPVZLWKRXWPD[LPXP SURWHFWLRQ 7KH VHFRQG FDWHJRU\ FRQVLVWHG RI IDUPVO\LQJLQWKHYDFFLQDWLRQ]RQHNPEXWRXWVLGHWKHUHJXODUSUHYHQWLYHVODXJKWHU]RQHNP +HUH DJDLQ WKH KLJKHVW SULRULW\ ZDV JLYHQ WR QRQYDFFLQDWHG IDUPV IROORZHG E\YDFFLQDWHGIDUPVZLWKRXWPD[LPXPSURWHFWLRQDQGILQDOO\IDUPVZLWKPD[LPXPSURWHFWLRQ7KRVHSULRULWLHVZHUHDSSOLHGWRDOO]RQHVZKHUHE\ZLWKLQDVXEJURXSWKHIDUPVRIDQROGHU]RQH KDG SULRULW\ IRU DQLPDO VODXJKWHULQJ 7KH GHFLVLRQ FULWHULRQ IRU VWRSSLQJ HPHUJHQF\YDFFLQDWLRQ GHSHQGHG RQ WKH GHOD\ FDXVHG E\ GHVWUXFWLRQ FDSDFLWLHV 7KH QXPEHU RI IDUPVQRWLILHG IRU SUHYHQWLYH VODXJKWHU LQFOXGLQJ YDFFLQDWHG IDUPV ZDV GLYLGHG E\ WKH GDLO\GHVWUXFWLRQ FDSDFLW\ WR REWDLQ WKH QXPEHU RI GD\V QHHGHG IRU GHVWUXFWLRQ RI DOO WKH IDUPDQLPDOV FRQFHUQHG :KHQ WKH GHOD\ ZDV d  GD\V ZLWKLQ D SHULRG RI  GD\V QR QHZYDFFLQDWLRQ]RQHVZHUHLQVWDOOHG7KH LQVWDOODWLRQ RI D EUHHGLQJ SURKLELWLRQ LQ D GHILQHG YDFFLQDWLRQ ]RQH DQG WKH FXOOLQJ RIQHZERUQSLJOHWVRQWKHYDFFLQDWHGIDUPVQRWVLPXODWHGDVVXFKDOORZHGWKHDVVXPSWLRQWKDWWKH SLJ SRSXODWLRQ RQ YDFFLQDWHG IDUPV UHWDLQHGPD[LPXPSURWHFWLRQ 7KH LPSOHPHQWDWLRQFRVWVIRUERWKFRQWUROPHDVXUHVZHUHFRQVLGHUHGZKHQFDOFXODWLQJWKHFRVWVDQGORVVHV,QWKHEDVHVFHQDULR''ZHDVVXPHGPD[LPXPYDFFLQHSURWHFWLRQLQGD\VGD\VRISUHSDUDWLRQ D  NP SUHYHQWLYH VODXJKWHU ]RQH DQG D YDFFLQDWLRQ UDGLXV RI  NP IRU HDFKGHWHFWHG IDUP ,Q DOWHUQDWLYH VFHQDULRV 7DEOH  ZH DVVXPHG WKDW WLPH WR EXLOG XSPD[LPXPSURWHFWLRQZDVUHDFKHGZLWKLQZHHNGD\VRUGD\V,QDIXUWKHUVHQVLWLYLW\DQDO\VLVWKHWLPHQHHGHGWRSUHSDUHWKHHPHUJHQF\YDFFLQDWLRQFDPSDLJQZDVFKDQJHGIURPGD\V WRGD\V DOWHUQDWLYH , WRGD\V DOWHUQDWLYH ,, RU WRGD\V DOWHUQDWLYH ,,, ,QDOWHUQDWLYH ,9 WKH YDFFLQDWLRQ UDGLXV ZDV UHGXFHG WR  NP LQVWHDG RI WKH  NP DQGDOWHUQDWLYH9DVVXPHGDPUHJXODUSUHYHQWLYHVODXJKWHUUDGLXV

7DEOH $QRYHUYLHZRI WKHYDULRXV DOWHUQDWLYHV IRU ERWK HPHUJHQF\YDFFLQDWLRQ VWUDWHJLHV WKH'HOD\HG'HVWUXFWLRQVWUDWHJ\''DQGWKH,QWUDFRPPXQLW\7UDGHVWUDWHJ\,&7$VVXPSWLRQ ''[ D ,&7[ D3UHSDUDWLRQWLPH GD\V EDVH EDVHGD\V , ,GD\V ,, ,,GD\V ,,, ,,,9DFFLQDWLRQUDGLXV NP EDVH EDVHNP ,9 ,93UHYHQWLYHVODXJKWHUUDGLXV P EDVH P 9 $SSO\LQJSUHYHQWLYHVODXJKWHU 1R  EDVH<HV  9,ED [VWDQGVIRUEDVHUHVSHFWLYHO\RUGD\VQHHGHGWREXLOGXSPD[LPDOSURWHFWLRQE 3UHYHQWLYHVODXJKWHULVRQO\DSSOLHGWRQRQYDFFLQDWHGIDUPVLQDUDGLXVRINP
,QWUDFRPPXQLW\WUDGHDOWHUQDWLYHV)RUWKHVHFRQGHPHUJHQF\YDFFLQDWLRQVWUDWHJ\WKHLQWUDFRPPXQLW\WUDGHVWUDWHJ\,&7ZHDVVXPHGWKDWDIWHUUHPRYLQJWKHTXDUDQWLQH]RQHSLJPHDWRULJLQDWLQJIURPYDFFLQDWHGSLJVFRXOGEHVROGRQWKH(8PDUNHW+RZHYHUZHDVVXPHGWKDWIRUWKHYDFFLQDWLRQ]RQHVDVRFDOOHG³SRVWYDFFLQDWLRQ]RQH´ZRXOGEHLQVWDOOHGIRUPRQWKVDWWKHPRPHQWWKHTXDUDQWLQH]RQHZDVOLIWHG$OOPRYHPHQWVZHUHDOORZHGH[FHSWWKDWOLYHSLJVFRXOGOHDYHWKLV]RQHRQO\GLUHFWO\ WR VODXJKWHU LQ VSHFLILF VODXJKWHUKRXVHV 7KLV VXSSOHPHQWDU\ PHDVXUH VKRXOGFRQYLQFHDOO WUDGLQJSDUWQHUV WKDWQR OLYHFDUULHUSLJOHWVFRXOG OHDYH WKHYDFFLQDWLRQ]RQH WRVSUHDGWKHGLVHDVHLQFDVHDQLQIHFWHGVRZZDVRYHUORRNHGGXULQJWKHVHURORJLFDOVFUHHQLQJ,QWKH,&7VWUDWHJ\HPHUJHQF\YDFFLQDWLRQZDVVWRSSHGZKHQWKHUHZHUHOHVVWKDQWZRQHZGHWHFWLRQVZLWKLQWKHSUHYLRXVZHHNV,Q WKH ,&7 VWUDWHJ\ DOO SLJV ROGHU WKDQ  ZHHNV LQ D YDFFLQDWLRQ ]RQH  NP ZHUHYDFFLQDWHG RQFH DV IRU WKH '' VWUDWHJ\ ,Q DGGLWLRQ ZH LPSRVHG IRU WKH GXUDWLRQ RI WKHTXDUDQWLQH]RQHLQDYDFFLQDWLRQ]RQHWKHUHYDFFLQDWLRQRIDOOQHZERUQSLJOHWVDVZHOODVDOOEUHHGLQJ VRZV 7KHVH PHDVXUHV ZRXOG DVVXUH D PD[LPDOO\ SURWHFWHG SLJ SRSXODWLRQ 7KHHPHUJHQF\YDFFLQDWLRQFDSDFLWLHVZHUHQRWLQIOXHQFHGE\WKHFRQWLQXHGYDFFLQDWLRQEHFDXVHZHDVVXPHGWKDWWKHORFDOYHWHULQDULDQVFDUULHGRXWWKHUHYDFFLQDWLRQV$IXUWKHUDVVXPSWLRQZDVWKDWPD[LPXPSURWHFWLRQRIYDFFLQDWHGIDUPVZRXOGODVWIRUWKHWRWDOGXUDWLRQRIDSRVWYDFFLQDWLRQ ]RQH 2QFH WKH SRVWYDFFLQDWLRQ ]RQH VWUDWHJ\ ZDV OLIWHG DOO IDUPV ORVW WKHLUSURWHFWLRQ

:LWKWKH,&7VWUDWHJ\YDFFLQDWLRQUHGXFHVWKHVXVFHSWLEOHSLJSRSXODWLRQVRWKDWSUHYHQWLYHVODXJKWHU LV RSWLRQDO DQG QRW DSSOLHG LQ WKH EDVH VFHQDULR ,I SUHYHQWLYH VODXJKWHU ZHUHDSSOLHGRQO\QRQYDFFLQDWHGIDUPVZRXOGEHGHVWUR\HGDOWHUQDWLYH9,7DEOH)RU WKHEDVHVFHQDULR ,&7PD[LPXPSURWHFWLRQZDVDWWDLQHG LQGD\VQRSUHYHQWLYHVODXJKWHUZDVDSSOLHGDYDFFLQDWLRQUDGLXVRINPZDVLQVWDOOHGIRUHDFKGHWHFWHGIDUPDQG GD\V RI SUHSDUDWLRQ ZHUH QHHGHG EHIRUH WKH HPHUJHQF\ YDFFLQDWLRQ FDPSDLJQ EHJDQ$OWHUQDWLYHVFHQDULRVZHUHVLPXODWHGIRUVHQVLWLYLW\DQDO\VLVVLPLODUWR''7DEOH
9DFFLQDWLRQFRVWV5HODWHGWRWKHYDFFLQDWLRQFRVWVZHUHYDULRXVDGGLWLRQDOFRQWUROFRVWVRYHUDQGDERYHWKHFRVWSHUGRVHRIYDFFLQHSHUSLJ7KH\FRQVLVWHGRISUHSDUDWLRQWUDYHODQGELRVHFXULW\FRVWVIRUWKHYDFFLQDWLRQWHDPVDVZHOODVFRVWVIRUWKHDSSOLFDWLRQRIWKHYDFFLQH,QWKHFDVHRIWKH,&7VWUDWHJ\ WKH FRQWLQXHG YDFFLQDWLRQ DOVR UHVXOWHG LQ VRPH DGGLWLRQDO FRVWV 7DEOH VXPPDULVHVDOOYDFFLQDWLRQUHODWHGFRVWVLQGHWDLO$OO VRZVRQYDFFLQDWHG IDUPV VKRXOGEH WHVWHG WR UHGXFH WKH SUREDELOLW\ RI D FDUULHU SLJOHWJRLQJXQGHWHFWHGEHIRUHDQDUHDPD\EHGHFODUHG&6)IUHH'HVSLWH WKLVZHXVHG WKHVDPHOXPS VXP IRU FRPSDULVRQ UHDVRQV IRU VHURORJLFDO FRVWV DV 0HXZLVVHQ HW DO )XUWKHUPRUHZHDVVXPHGWKDWWKHGLVFULPLQDWRU\WHVWZRXOGFRVWWKHVDPHDVWKHFRQYHQWLRQDORQH
&RPSDULVRQRIDOWHUQDWLYHV7R FRPSDUH WKH DOWHUQDWLYHV ERWK HSLGHPLRORJLFDO DQG HFRQRPLF SDUDPHWHUV ZHUH XVHG,QWHU&6) VLPXODWHG WKH VSUHDG DQG FRQWURO RI WKH HSLGHPLF ZKHUHE\ GLIIHUHQW HYHQWVVXPPDULVHGLQ$SSHQGL[9,UHODWHGWRHFRQRPLFFRVWVDQGORVVHVFRXOGRFFXU9DFFLQDWLRQZDV DGGHG DV D QHZ HYHQW %UHHGLQJ SURKLELWLRQ DQG WKH NLOOLQJ RI QHZERUQ SLJOHWV ZHUHDSSOLHGRQO\IRU WKH''VWUDWHJLHV)RUHDFKLQGLYLGXDOIDUPVXEMHFWHG WRFRQWUROPHDVXUHV,QWHU&6)UHFRUGHGHYHQWVHDFKGD\LQDQHYHQWRXWSXWILOH7KLVHYHQWILOHZDVXVHGDVLQSXWIRU(SL/RVVZKLFKFDOFXODWHGWKHWRWDOFRVWVDQGORVVHVIRUWKHHSLGHPLF0HXZLVVHQHWDO 9DFFLQDWLRQ UHODWHG FRVWV DFWXDOO\ GLUHFW FRVWV ZHUH FRQVLGHUHG DV D VHSDUDWH FRVWIDFWRUIRUUHDVRQVRIFRPSDULVRQ6LPLODU WR 1LHOHQ HW DO  D WZRWDLOHG WZRVDPSOH 6WXGHQW¶V WWHVW ZLWK XQHTXDOYDULDQFHZDVSHUIRUPHGRQPHDQILQDORXWFRPHVRIWKHUHSOLFDWLRQVSHUVFHQDULRLQRUGHUWRWHVWZKHWKHUDOWHUQDWLYHVYDULHGVLJQLILFDQWO\IURPHDFKRWKHURUIURPWKHQRQYDFFLQDWLRQVFHQDULR 19 7R FRUUHFW IRU PXOWLSOH FRPSDULVRQV D %RQIHUURQL FRUUHFWLRQ ZDV DSSOLHGXVLQJ D VLJQLILFDQFH OHYHO RI  -RQHV DQG 5XVKWRQ  )LQDO RXWFRPHV WKDW ZHUHFRPSDUHGZHUHWKHPHDQWRWDOORVVHVDQGWKHPHDQWRWDOQXPEHURILQIHFWHGIDUPVGHWHFWHG
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7DEOH 1XPEHURI IDUPVGHWHFWHGDQGSUHYHQWLYHVODXJKWHUHGIRUGLIIHUHQWVLPXODWHGHPHUJHQF\YDFFLQDWLRQVFHQDULRV6FHQDULR 'HWHFWLRQ 3UHYHQWLYHVODXJKWHU D &RVWV ¼     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,&7,9      ,&79, F    F  F  D ,QFDVHRI''SUHYHQWLYHVODXJKWHULQFOXGHVDOOYDFFLQDWHGIDUPVE $OO IDUPV LQ D GHILQHG YDFFLQDWLRQ ]RQH  NP ZLOO EH VODXJKWHUHG IURP GD\  RQZDUGV LIGHVWUXFWLRQFDSDFLWLHVDUHDYDLODEOH LQGHSHQGHQWRI WKHYDFFLQDWLRQSUHSDUDWLRQ WLPH([FHSW IRUDOWHUQDWLYH,XQWLO,,,WKLVZLOOEHDOZD\VGD\VH[WUD,WZLOOEHGD\VIRUDOWHUQDWLYH,GD\VIRUDOWHUQDWLYH,,DQGGD\VIRUDOWHUQDWLYH,,,F ,Q FDVH RI ,&7 SUHYHQWLYH VODXJKWHU LV RQO\ DSSOLHG LQ VWUDWHJ\9,ZKHUH RQO\ QRQYDFFLQDWHGIDUPVFDQEHSUHYHQWLYHO\VODXJKWHUHG
,QWUDFRPPXQLW\WUDGHDOWHUQDWLYHV7KH UHVXOWV RI WKH GLIIHUHQW ,&7 DOWHUQDWLYHV LQFOXGLQJ WKH EDVH YHUVLRQ ,&7 RI WKLVVFHQDULR DUH VKRZQ LQ 7DEOHV  ,Q FRPSDULVRQ WR WKH19 VFHQDULR WKH ,&7 EDVHVFHQDULR ZDV VLJQLILFDQWO\ FKHDSHU DVVXPLQJ QR FRVW DQG ORVVHV IRU WKH SRVWYDFFLQDWLRQ]RQH 3UHYHQWLYH VODXJKWHU ZDV QRW DSSOLHG LQ WKH ,&7 VFHQDULR DYRLGLQJ WKH ODUJHFRPSHQVDWLRQ FRVWV )XUWKHUPRUH WKH FRQVHTXHQWLDO ORVVHV RI WKH IDUPHUV ZHUH VPDOOHUFRPSDUHGZLWKWKH19VFHQDULR1RGLIIHUHQFHFRXOGEHIRXQGIRUWKHQXPEHURIGHWHFWHGDQG

LQIHFWHG KHUGV H[FHSW IRU WKH ZRUVW LWHUDWLRQV 7KH VDPH ZDV WUXH IRU WKH GXUDWLRQ RI WKHHSLGHPLF ZKHQ GHGXFWLQJ WKH  GD\V SRVWYDFFLQDWLRQ ]RQH 7DEOHV  DQG &RPSDULQJ WKH ,&7 EDVH VFHQDULRZLWK WKH'' EDVH VFHQDULR QR IDUPVZHUH SUHYHQWLYHO\VODXJKWHUHG)XUWKHUPRUHWKHFRVWVZHUHVLJQLILFDQWO\ORZHU7KHUHZDVQRVLJQLILFDQWGLIIHUHQFHLQWKHVL]HRIWKHHSLGHPLFZKHQWKHPD[LPXPSURWHFWLRQOHYHO ZDV YDULHG IURP  GD\V WR  RU  GD\V 7DEOHV  DQG  +RZHYHU ZKHQPD[LPXPSURWHFWLRQZDV UHDFKHG LQ  GD\V WKH HSLGHPLFZDV VKRUWHUZLWK D VLJQLILFDQWO\ORZHU QXPEHU RI LQIHFWHG DQG GHWHFWHG SUHPLVHV 7KLV DOWHUQDWLYH ZDV FRQVHTXHQWO\ OHVVFRVWO\WKDQWKHVLPXODWHGEDVH,&7,QFRPSDULVRQZLWKWKH19VFHQDULRDOOWKUHHDOWHUQDWLYHVZHUHVLJQLILFDQWO\OHVVFRVWO\7KHUH ZDV QR VLJQLILFDQW GLIIHUHQFH ZKHQ FRPSDULQJ DOWHUQDWLYHV , DQG ,, RI WKHLQWUDFRPPXQLW\ WUDGHZLWK WKH EDVH ,&7 7DEOHV  DQG  $ VOLJKW QRW VLJQLILFDQWWHQGHQF\ RI D GHFUHDVHG LQFUHDVHG HSLGHPLFZDV IRXQG LI WKH SUHSDUDWLRQ WLPH GHFUHDVHGLQFUHDVHG E\  GD\V +RZHYHU DOWHUQDWLYH ,,,  GD\V SUHSDUDWLRQ WLPH FDXVHG DVLJQLILFDQWO\ODUJHUHSLGHPLFZLWKVLJQLILFDQWO\PRUHGHWHFWHGLQIHFWHGDQGYDFFLQDWHGIDUPVDVZHOODVLQFUHDVHGFRVWVDQGORVVHV$OWHUQDWLYHV,DQG,,ZHUHVLJQLILFDQWO\FKHDSHUZKHQFRPSDUHGZLWKWKH19VFHQDULRLQFRQWUDVWWRVFHQDULR,,,
7DEOH &RPSDULQJGLUHFWFRVWVDQGORVVHVRIWKHEDVHVFHQDULRZLWKDOWHUQDWLYH,9IRUWKHLQWUDFRPPXQLW\ WUDGH VWUDWHJ\ ,&7 DQG IRU WKH GHOD\HG GHVWUXFWLRQ VWUDWHJ\''6FHQDULR '' '',9 ,&7 ,&7,9       'LUHFWFRVWVLQ ¼6WDPSLQJRXWLQIHFWHGKHUGV        3UHYHQWLYHVODXJKWHU D        :HOIDUHVODXJKWHU        %UHHGLQJSURKLELWLRQ        &RVWVRIRUJDQLVDWLRQ        &RQVHTXHQWLDOORVVHVLQ ¼ IRU)DUPHUV        5HODWHGLQGXVWULHV        9DFFLQDWLRQFRVWV        7RWDOORVVHV        D ,QFDVHRI''SUHYHQWLYHVODXJKWHULQFOXGHVDOOYDFFLQDWHGIDUPV

$NPYDFFLQDWLRQUDGLXVVLJQLILFDQWO\UHGXFHGWKHQXPEHURIYDFFLQDWHGIDUPVIRUH[DPSOHWKHPHGLDQGHFUHDVHGIURPYDFFLQDWHGIDUPVWRUHVXOWQRWVKRZQ7KHQXPEHURILQIHFWHG DQG GHWHFWHG IDUPV ZDV VOLJKWO\ KLJKHU QRW VLJQLILFDQWO\ FRPSDUHG WR WKH EDVH7DEOHV$SSO\LQJ SUHYHQWLYH VODXJKWHU LQ ,&7 DOWHUQDWLYH 9, VKRZHG QR GLIIHUHQFH LQ WKHHSLGHPLRORJLFDOSDUDPHWHUVDQGGLGQRWLQFUHDVHWKHWRWDOFRVWVVLJQLILFDQWO\7DEOHVDQG
'LVFXVVLRQ
$OWKRXJKWKH(8UHJXODWLRQVFXUUHQWO\SURKLELWURXWLQHYDFFLQDWLRQDJDLQVW&6)LWLVH[SHFWHGWKDWWKHGHYHORSPHQWRIDPDUNHUYDFFLQHZLOOOHDGWRDUHDVVHVVPHQWRIWKHQRQYDFFLQDWLRQSULQFLSOH/DGGRPDGDDQG:HVWHUJDDUG7KHUHIRUHWKHPDLQJRDORIRXUVLPXODWLRQVZDVWRDQDO\VHGLIIHUHQWSRVVLEOHHPHUJHQF\YDFFLQDWLRQFDPSDLJQVZKLFKFRXOGKDYHEHHQDSSOLHGLQWKH'XWFK&6)HSLGHPLF7KHYDFFLQDWLRQDOWHUQDWLYHVZHUHFRPSDUHGZLWKWKH19VFHQDULRGLVFXVVHGLQ1LHOHQHWDO7KH19VFHQDULRZDVFRQVLGHUHGWREHWKHPRVWHIIHFWLYHWKDWFRXOGKDYHEHHQDFKLHYHGXVLQJWKHUHJXODUFRQWUROPHDVXUHV
&RPSDULVRQRIYDFFLQDWLRQVWUDWHJLHV7KHUHVXOWVRIWKHVLJQLILFDQFHWHVWLQJVKRXOGEHXVHGZLWKFDXWLRQDVZLWKPRUHUHSOLFDWLRQVHYHQVPDOOHUGLIIHUHQFHVEHWZHHQDOWHUQDWLYHVZRXOGKDYHEHFRPHVLJQLILFDQW7KHGXUDWLRQRI WKH HSLGHPLF FRXOGQRW EH WHVWHG LQ WKH FXUUHQW VLPXODWLRQV EHFDXVH WKH HSLGHPLFVZHUHDOZD\V VWRSSHG DW  GD\V 2WKHU XVHIXO SDUDPHWHUV QRW WHVWHG VXFK DV WKH FRVW IDFWRUVFRXOGODUJHO\EHH[SODLQHGE\FKDQJHVLQXQGHUO\LQJSDUDPHWHUV7KHPDLQJRDOVRI DQ\HPHUJHQF\YDFFLQDWLRQ VWUDWHJ\ UHGXFHGQXPEHURI LQIHFWHGKHUGVZHUHUHDFKHGLQERWKHPHUJHQF\YDFFLQDWLRQVFHQDULRVFRPSDUHGWRWKH19VWUDWHJ\7KH''VWUDWHJ\VHHPHGWREHWKHPRVWHIIHFWLYHVWUDWHJ\IRUUHGXFLQJGXUDWLRQDQGVL]HRIDQHSLGHPLF$VKRUWHUHSLGHPLFZRXOGOHDGWRDUHGXFWLRQLQGLUHFWFRVWVSDLGIRUDQLPDOZHOIDUHVODXJKWHUPHDVXUHVDQGIRURUJDQLVDWLRQ)RUWKH''VWUDWHJ\WKHUHGXFWLRQZDVFRXQWHUHGE\WKHKLJKHUSUHYHQWLYH GHSRSXODWLRQ FRVWV DOO YDFFLQDWHG IDUPV DV ZHOO DV WKH KLJKHU FRQVHTXHQWLDOORVVHV IRU IDUPHUV 9DFFLQDWLRQ FRVWV ZHUH RQO\ RI PLQRU LPSRUWDQFH ([FHSW IRU WKH WKSHUFHQWLOH''ZDVOHVVFRVWO\QRRYHUDOOGLIIHUHQFHFRXOGEHIRXQGEHWZHHQD''VFHQDULRDQGWKH19VWUDWHJ\,&7UHOLHVHQWLUHO\RQDUHOLDEOHDQGHDV\WRKDQGOHVHURORJLFDOWHVW3UHVXPLQJQRKLQGUDQFHRQWKH(8PDUNHWIRUSLJPHDWRULJLQDWLQJIURPYDFFLQDWHGSLJVDQGQRH[WUDFRVWDQGORVVHVIRUWKHSRVWYDFFLQDWLRQ]RQH,&7ZDVVLJQLILFDQWO\FKHDSHUWKDQ19RU''7KHYDFFLQDWLRQ

FRVWVZHUHPRUHWKDQFRPSHQVDWHGIRUE\WKHUHGXFWLRQLQWKHGLUHFWFRVWVSDLGIRUSUHYHQWLYHVODXJKWHUDQGLQWKHFRQVHTXHQWLDOORVVHV)XUWKHUPRUHWKHQXPEHUVRILQIHFWHGDQGGHWHFWHGIDUPVZHUHRQDYHUDJHVPDOOHU EXWQRWVLJQLILFDQWO\ IRU ,&7WKDQ IRU197KHZRUVWFDVHLWHUDWLRQV IRU ,&7ZHUH QHYHU DV VHYHUH DV IRU WKH 19 VFHQDULR $Q HWKLFDO DV ZHOO DV DQHFRQRPLF DGYDQWDJH RI WKLV VWUDWHJ\ FRPSDUHG WR19 DQG DOVR WR'' LV WKDW H[FHSW IRUDQLPDOZHOIDUHVODXJKWHULQWKHTXDUDQWLQH]RQHQRKHDOWK\SLJVQHHGWREHGHVWUR\HG7KHHIIHFWLYHQHVVRIWKH''VWUDWHJ\ZDVPDLQO\GXHWRWKHDSSOLHGSUHYHQWLYHGHSRSXODWLRQRIWKHYDFFLQDWLRQ]RQHVLQZKLFKIDUPVZLWKWKHKLJKHVWULVNKDGWKHKLJKHVWSULRULW\:KHQVLPXODWLQJ DQ 19 VFHQDULR ZLWK D  NP SUHYHQWLYH VODXJKWHU UDGLXV EXW ZLWKRXW DFODVVLILFDWLRQLQWRULVNW\SHVWKHDYHUDJHHSLGHPLFLQFUHDVHGIURPWRGHWHFWHGIDUPVUHVXOWVQRWVKRZQ7KHUHIRUHWKHHIIHFWLYHQHVVRIWKH''VFHQDULRZDVSDUWO\WKHUHVXOWRIWKH FODVVLILFDWLRQ LQWR ULVN W\SHV DQG SDUWO\ EDVHG RQ WKH UHGXFHG YLUXV VSUHDG GXH WRYDFFLQDWLRQ7KHODWWHUHIIHFWLVPDLQO\RILPSRUWDQFHLQODUJHHSLGHPLFVDQGVHYHUHO\OLPLWHGGHVWUXFWLRQFDSDFLW\$VPDOOFKDQJHLQWKHHIIHFWLYHQHVVRIWKHYDFFLQHGD\VWRPD[LPXPSURWHFWLRQKDG QR H[WUD LQIOXHQFH RQ WKH HSLGHPLF IRU HLWKHU HPHUJHQF\ YDFFLQDWLRQ VWUDWHJ\ 2QO\ DYHU\HIIHFWLYHYDFFLQHPD[LPXPSURWHFWLRQLQGD\VVLJQLILFDQWO\UHGXFHGWKHHSLGHPLFIRUWKH,&7VFHQDULR7KHGD\VUHIHUVPRUHRUOHVVWRWKHHIIHFWLYHQHVVRIWKHFRQYHQWLRQDOQRQPDUNHU&6) YDFFLQH DV KDV EHHQ XVHG KLVWRULFDOO\ LQ'XWFK HSLGHPLFV %UXV  7LHOHQ:HSUHVXPHGDIDVWLPSOHPHQWDWLRQEDVHGRQFOHDUFULWHULDDERXWZKHUHDQGZKHQWREHJLQDQHPHUJHQF\ YDFFLQDWLRQ FDPSDLJQ t  GHWHFWLRQV LQ WKH VW ZHHN FRPELQHG ZLWK D VKRUWSUHSDUDWLRQWLPHRIGD\V$ORQJHUGHOD\DOWHUQDWLYH,,,KDGDQHJDWLYHHIIHFWHVSHFLDOO\LQWKHFDVHRI WKH,&7DOWHUQDWLYH7KLVHIIHFWZDVPXFK ORZHU IRU WKH''DOWHUQDWLYHEHFDXVHWKLV VFHQDULR DOVR GHSHQGHG RQ ULVNEDVHG GHSRSXODWLRQ DV D FRQWURO PHDVXUH IURP GD\ RQZDUGV&KDQJLQJWKHSUHYHQWLYHVODXJKWHUUDGLXVIURPPWRPLQWKH''VFHQDULRKDGQRQHJDWLYHHIIHFWEHFDXVHWKHPSUHYHQWLYHVODXJKWHUZDVRQO\DSSOLHGLQWKHILUVWZHHNRIWKHHSLGHPLFIROORZHGE\DNPYDFFLQDWLRQDQGSUHYHQWLYHVODXJKWHU]RQH$SSO\LQJ SUHYHQWLYH VODXJKWHU DV DQ DGGLWLRQDO PHDVXUH LQ WKH ,&7 VFHQDULR VKRZHG QRVLJQLILFDQW HIIHFW RQ WKH FRXUVH RI WKH HSLGHPLF 7KH PDLQ HIIHFW ZDV WR FKDQJH WKHFRPSRVLWLRQRIWRWDOFRVWVKLJKHUFRQVHTXHQWLDOORVVHVIRUIDUPHUVH[WUDGHSRSXODWLRQFRVWVORZHUFRVWVIRUDQLPDOZHOIDUHVODXJKWHU$UHGXFWLRQLQWKHYDFFLQDWLRQUDGLXVIURPNPWRNPZDVVLJQLILFDQWO\FKHDSHUWKDQWKH19VFHQDULR IRU''GXH WR D UHGXFHGQXPEHURISUHYHQWLYHO\ VODXJKWHUHG IDUPV IRUERWK''DQG,&7GXHWRUHGXFHGYDFFLQDWLRQFRVWV+RZHYHUSRWHQWLDOO\WKHFRQWURORIWKHSRVWYDFFLQDWLRQ]RQHFRXOGEHFRPHPRUHGLIILFXOWWKXVPRUHFRVWO\IRU,&7

0RGHOFRQVWUDLQWV$GLVFULPLQDWRU\GLDJQRVWLFWHVWZLWKDVSHFLILFLW\RIOHVVWKDQFRXOGOHDGWRWKHGHWHFWLRQRIIDOVHSRVLWLYHIDUPV$VDFRQVHTXHQFHQHZTXDUDQWLQH]RQHVZRXOGEHLQVWDOOHGDQGKHDOWK\SLJIDUPVZRXOGEHVODXJKWHUHGRXW$KLJKOHYHORIVHQVLWLYLW\LVUHTXLUHGEHFDXVHZHZDQWWRGHWHFW DOO LQIHFWHG IDUPV ,Q WKH FXUUHQW VLPXODWLRQV ZH DVVXPHG D VSHFLILFLW\ RI VLPSOLILFDWLRQ UHDVRQV ZKHUHDV WKH VHQVLWLYLW\ ZDV EDVHG RQ WKH FXUUHQW FRQYHQWLRQDOGLDJQRVWLF WHVW 6R LQ RXU VLPXODWLRQ ZH GHWHFWHG QHDUO\ DOO LQIHFWHG IDUPV EXW ZH ZRXOGQHYHU³ILQG´IDOVHSRVLWLYHIDUPV7KHDGGLWLRQRIYHUWLFDOWUDQVPLVVLRQWKHVRZFRQYH\VWKHLQIHFWLRQWRLWVXQERUQRIIVSULQJZRXOGKDYHPHDQWDFRPSOHWHRYHUKDXORIWKHWUDQVPLVVLRQVWUXFWXUHLQWKHPRGHO-DOYLQJKHWDO  DQG ZDV H[FOXGHG ,Q WKH FDVH RI ,&7 YHUWLFDO WUDQVPLVVLRQ FRXOG OHDG WR DQXQGHUHVWLPDWLRQ RI WKH HSLGHPLF :H DVVXPHG DQ LQIHFWLRXV SHULRG RI RQO\  PRQWK IRUYDFFLQDWHG DQG ODWHULQIHFWHG IDUPV LH IDUPV LQIHFWHG DW D ODWHU VWDJH 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$SSHQGL[9 7KHFDOFXODWHGUHGXFWLRQDQGSURWHFWLRQIDFWRUV
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$SSHQGL[9, &RQWUROPHDVXUHVUHODWHGHYHQWVLQ(SL/RVVDQGLPSOLFDWLRQVRIWKHHYHQWV
&RQWUROPHDVXUHV 5HODWHGHYHQWV ,PSOLFDWLRQV&RPSXOVRU\PHDVXUHV6WDPSLQJRXW 'HSRSXODWLRQ  +HUG LV GHVWUR\HG EXLOGLQJV HPSW\ WLOOUHVWRFNLQJ5HVWRFNLQJ  5HVWDUWLQJWKHIDUP4XDUDQWLQH]RQH 6WDUWTXDUDQWLQH]RQH  1R VXSSO\ DQG GHOLYHU\ RI DQLPDOVDOORZHG(QGTXDUDQWLQH]RQH  6XSSO\DQGGHOLYHU\RIDQLPDOVDOORZHG
3UHYHQWLYHVODXJKWHU 'HSRSXODWLRQ  +HUG LV GHVWUR\HG EXLOGLQJV HPSW\ WLOOUHVWRFNLQJ5HVWRFNLQJ  5HVWDUWLQJWKHIDUP$GGLWLRQDOPHDVXUHV$QLPDOZHOIDUHVODXJKWHU 6WDUWZHOIDUHVODXJKWHU  $QLPDOV IRU ZKLFK PHDVXUH DSSOLHV DUHGHVWUR\HG(QGZHOIDUHVODXJKWHU  (QG RI GHVWUXFWLRQ RI DQLPDOV XQGHUFRQVLGHUDWLRQ%UHHGLQJSURKLELWLRQ 6WDUWEUHHGLQJSURKLELWLRQ  3URKLELWLRQRILQVHPLQDWLRQRIVRZV(QGEUHHGLQJSURKLELWLRQ  ,QVHPLQDWLRQRIVRZVDOORZHG9DFFLQDWLRQPHDVXUHV9DFFLQDWLRQ $SSO\YDFFLQDWLRQ  $OO SLJV RQ WKH IDUPROGHU WKDQ  GD\VDUH YDFFLQDWHG RQFH ZKLFK PD\ EHUHSHDWHGDIWHUPRQWKV &RQWLQXHG YDFFLQDWLRQ PD\ EH LQFOXGHGGXULQJ WKH WLPH RI WKH TXDUDQWLQH ]RQHIRU EUHHGLQJ VRZV DQG QHZERUQ SLJOHWVRQO\DSSOLHGLQWKH,&7VWUDWHJ\(QGTXDUDQWLQH]RQH  9DFFLQDWLRQVWRSV
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'HYHORSPHQWRISUHYHQWLRQDQGFRQWUROVWUDWHJLHVWRDGGUHVVDQLPDOKHDOWKDQGUHODWHGSUREOHPVLQGHQVHO\SRSXODWHGOLYHVWRFNDUHDVRIWKH&RPPXQLW\
6KDUHGFRVWUHVHDUFKSURMHFW)$,53/
2YHUDOOVXPPDU\DQGFRQFOXVLRQV
5%+XLUQHDQG+::LQGKRUVW

2YHUDOOVXPPDU\DQGFRQFOXVLRQV
5%+XLUQHDQG+::LQGKRUVW
5HVHDUFKREMHFWLYHV
7KHPDLQREMHFWLYHVRIWKHSURMHFWZHUHWRGHYHORSPHWKRGVRILGHQWLI\LQJGHQVHO\SRSXODWHGOLYHVWRFNDUHDVDQGWRGHYHORSWRROVWKDWDUHQHFHVVDU\LQRUGHUWRUHGXFHULVNVDQGKHOSVROYHSUREOHPVLQVXFKDUHDV7KHPDMRUUHVHDUFKTXHVWLRQVZHUH :KDWDUHDVRIWKH&RPPXQLW\DUHGHQVHO\SRSXODWHG" :KDWDUHWKHULVNIDFWRUVIRUWKHLQWURGXFWLRQRIQRWLILDEOHGLVHDVHVLQWRWKHVHDUHDV" :KDWDUHWKHULVNIDFWRUVIRUWKHIXUWKHUVSUHDGRIQRWLILDEOHGLVHDVHVLQWKHVHDUHDV" :KDW VSHFLILF SUHYHQWLRQ DQG FRQWURO VWUDWHJLHV IRU QRWLILDEOH GLVHDVHV DUH SRVVLEOH DQGZKDWDUHWKHFRVWVDQGEHQHILWV"
,QRUGHU WR HQVXUHERWK WKHRUHWLFDOO\ DQGSUDFWLFDOO\XVHIXO UHVXOWV WKHVH UHVHDUFKTXHVWLRQVKDYHEHHQWUDQVODWHGLQWRWKHIROORZLQJIRXUWDVNV7DVN$ 'HYHORSPHQWDQGVWDQGDUGLVDWLRQRIGDWDDQGPHWKRGVXVHGWRLGHQWLI\GHQVHO\SRSXODWHGOLYHVWRFNDUHDV7DVN% 4XDQWLILFDWLRQDQGFODVVLILFDWLRQRIWKHULVNRIVXFKDUHDVIURPDGLVHDVHSRLQWRIYLHZ7DVN& $QDO\VLVRI UHFHQWGLVHDVHRXWEUHDNVRI&6)DQG)0'WR WHVW DQG UHILQH WKHULVNSDUDPHWHUV7DVN' &RVWEHQHILWDQDO\VLVRIGLVHDVHSUHYHQWLRQDQGFRQWUROVWUDWHJLHVLQVXFKDUHDV
2YHUDOOUHVXOWVDQGGHOLYHUDEOHV
7KHSURMHFWPDGHLWSRVVLEOHWRLGHQWLI\DUHDVLQWKH(8ZKLFKDUHFKDUDFWHULVHGDVKDYLQJDKLJK ULVNZLWK UHVSHFW WR WKH LQWURGXFWLRQDQG IXUWKHU VSUHDGRIPDMRU DQLPDOGLVHDVHV7KHUHVXOWVHQDEOH WKH(8 WR VWLPXODWHPHDVXUHV WKDW UHGXFH WKH ULVNDQG WRGHFLGHZKDWPHDQVVKRXOG EH XVHG LQ SDUWLFXODU DUHDV WR UHGXFH WKH FRVWV RI DQ RXWEUHDN 5HGXFHG ULVN DQGLPSURYHGFRQWUROVWUDWHJLHVFDQKHOSWRPDNHPHDVXUHVUHGXQGDQWREVROHWHWKDWDUHERWKYHU\

FRVWO\DQGQRORQJHUDFFHSWHGE\WKHSXEOLFVXFKDV WKHVWDPSLQJRXWRID ODUJHQXPEHURIKHUGVWKDWGRQRWVKRZDQ\VLJQVRIDQLQIHFWLRQ
0RUHVSHFLILFDOO\WKHPDMRUUHVXOWVEHQHILWVIURPWKHFRPSOHWLRQRIWKHSURMHFWZHUHx WKH DELOLW\ WR LGHQWLI\GHQVHO\SRSXODWHG OLYHVWRFNDUHDV DQG WR FKDUDFWHULVH WKH VHFWRUDODQGVSDWLDOVWUXFWXUHSDWWHUQRIWKHOLYHVWRFNLQGXVWU\LQVXFKDUHDVx WKHGHYHORSPHQWRIVRIWZDUHWRROVWKDWDOORZWKHDQDO\VLVRIDYDLODEOHGDWDVHWVLQRUGHUWRFKDUDFWHULVHWKHULVNIDFWRUVIRUGHQVHO\SRSXODWHGOLYHVWRFNDUHDVDQGWRUDQNWKHPZLWKUHVSHFWWRWKHULVNRILQWURGXFWLRQDQGIXUWKHUVSUHDGRIPDMRUGLVHDVHVVXFKDV&6)DQG)0'x WKHGHYHORSPHQWRIDFRPSXWHULVHGPRGHOOLQJDSSURDFKLQRUGHUWRFDUU\RXWFRVWEHQHILWDQDO\VHVRIUHOHYDQWSUHYHQWLRQDQGFRQWUROVWUDWHJLHVIRUPDMRUDQLPDOGLVHDVHVLQGHQVHO\SRSXODWHGOLYHVWRFNDUHDVDLPHGDWVXSSRUWLQJSROLF\PDNHUVDW(8QDWLRQDODQGUHJLRQDOOHYHOVx WKHRSSRUWXQLWLHVIRUXVLQJWKHGDWDFROOHFWHGDQGVRIWZDUHWRROVGHYHORSHGIRUWKHVWXG\RISXUSRVHVRWKHUWKDQGLVHDVHULVNVXFKDVWKHHQYLURQPHQWDOSUREOHPVUHVXOWLQJIURPWKHFRQFHQWUDWLRQRIOLYHVWRFN
7KHPRVWLPSRUWDQWWHFKQLFDOGHOLYHUDEOHVZHUHx DFRPSXWHULVHGWRROER[IRUWKHLGHQWLILFDWLRQDQGDQDO\VLVRIGHQVHO\SRSXODWHGOLYHVWRFNDUHDVx DPHWKRGRIUDQNLQJGHQVHO\SRSXODWHGOLYHVWRFNDUHDVDFFRUGLQJWRWKHLUULVNx DQLQWHJUDWHGPRGHOLQJDSSURDFKIRUWKHHYDOXDWLRQRISUHYHQWLRQDQGFRQWUROVWUDWHJLHVRIQRWLILDEOHGLVHDVHVLQGHQVHO\SRSXODWHGOLYHVWRFNDUHDV
7KHUHVXOWVRIWKHSURMHFWZHUHGLVVHPLQDWHGx WRWKH(XURSHDQ&RPPXQLW\YLDSDUWQHUPHHWLQJVSURJUHVVUHSRUWVDQGDILQDOUHSRUWx WR WKH VFLHQWLILF FRPPXQLW\ YLD VFLHQWLILF SXEOLFDWLRQV DQG UHSRUWV SUHVHQWDWLRQV DWFRQJUHVVHV DQG VHPLQDUV DQG WHDFKLQJ LQ UHJXODU XQLYHUVLW\ FXUULFXOD DQG RQSRVWJUDGXDWHFRXUVHVx WRGLVHDVHFRQWURODXWKRULWLHVRIERWKWKHSXEOLFDQGSULYDWHVHFWRUYLDFRPSXWHUVRIWZDUH WKH VRIWZDUH WRROER[ WKDWZLOO EH GHYHORSHG WR LGHQWLI\ GHQVHO\ SRSXODWHG OLYHVWRFNDUHDVZLOO EHFRXSOHGZLWK ORZFRVW3&EDVHG V\VWHPV WKDW DUH DIIRUGDEOH IRU VPDOORUJDQLVDWLRQVSULYDWHLQGXVWU\DQGPXQLFLSDORUJDQLVDWLRQV7KLVHQDEOHVDOONLQGVRISRVVLEOHXVHUVWRGRWKHLURZQDQDO\VLV

 WKH FRPSXWHU VLPXODWLRQ PRGHOV WR HYDOXDWH WKH HIIHFWLYHQHVV DQG FRVWEHQHILWV RISUHYHQWLRQDQGFRQWUROVWUDWHJLHVIRUQRWLILDEOHGLVHDVHRXWEUHDNVLQGHQVHO\SRSXODWHGOLYHVWRFNDUHDVZLOOUXQRQD3&DQGZLOOEHPDGHDYDLODEOHIRUXVHE\SROLF\PDNHUVDQGRWKHUVx DVSHFLDOZRUNVKRSVHPLQDURUJDQLVHGRQ6HSWHPEHUIROORZLQJFRPSOHWLRQRIWKH SURMHFW LQ RUGHU WR GHPRQVWUDWH WKH SUDFWLFDO DSSOLFDWLRQ RI WKHPDMRU RXWFRPH DQGVRIWZDUHWRROVGHYHORSHG
7KHIROORZLQJUHVHDUFKPLOHVWRQHVZHUHUHDOLVHG7DVN$x 5HYLHZDQGV\QWKHVLVRIDYDLODEOHGDWDEDVHVLQGHQVHO\SRSXODWHGOLYHVWRFNDUHDVx 5DQNLQJRIGHQVHO\SRSXODWHGOLYHVWRFNDUHDVDFFRUGLQJWRWKHLUOLYHVWRFNGHQVLW\x 5HYLHZDQGV\QWKHVLVRIH[LVWLQJFRQYHUVLRQWDEOHVIRUDQLPDOVx &DOFXODWLRQRIVSDWLDOLQGLFHVx 'HVLJQRIDVSDWLDOGDWDEDVHLQWHJUDWHGZLWKRWKHUIDUPFKDUDFWHULVWLFVx &KDUDFWHULVDWLRQRIWKHVHFWRUDODQGVSDWLDOVWUXFWXUHRIWKHOLYHVWRFNLQGXVWU\LQWKHVWXG\DUHDVx 'HVLJQRIGLVHDVHUHODWHGFRQYHUVLRQWDEOHVIRUWKHYDULRXVDQLPDOVSHFLHVx ,QWHJUDWHGWRROER[ZLWKFRPSXWHUVRIWZDUHx 2XWOLQHWUDLQLQJVHVVLRQVZLWKWKHDSSURDFKDQGVRIWZDUHGHYHORSHG7DVN%x 5HYLHZ RI UHOHYDQW DGGLWLRQDO GDWD WR EH FROOHFWHG RQ IDUPV DQG UHODWHG LQGXVWULHV DVLQGLFDWRUVRIGLVHDVHULVNx 'HVLJQ RI D VWDQGDUGLVHG TXHVWLRQQDLUH LQ RUGHU WR REWDLQPRUH TXDOLWDWLYH ULVN IDFWRUVIURPIDUPVDQGUHODWHGLQGXVWULHVx 'DWDEDVHRQWKHPRUHTXDOLWDWLYHULVNIDFWRUVXVLQJTXHVWLRQQDLUHVDQGH[SHUWFRQVXOWDWLRQx 3URFHGXUH IRU ULVN UDQNLQJ RI GHQVHO\ SRSXODWHG OLYHVWRFN DUHDV EDVHG RQ TXDQWLWDWLYHLQGLFHVx $GGHGYDOXHRITXDOLWDWLYHULVNIDFWRUVIRUDQLPDOGLVHDVHx 'HILQLWLRQRISRVVLEOHULVNSURILOHVRILQGLYLGXDOIDUPVx 5DQNLQJRIGHQVHO\DQGVSDUVHO\SRSXODWHGOLYHVWRFNDUHDVDFFRUGLQJWRWKHLUULVNx 9DOLGDWH ULVN UDQNLQJ RI DUHDV XVLQJ JHQHUDO GDWD RQ QRWLILDEOH GLVHDVH RXWEUHDNV DQGIDUPVSHFLILFULVNSURILOHVx 5HGHILQLWLRQ RI ULVN UDQNLQJ DOJRULWKPV EDVHG RQ WKH RXWFRPH RI XQGHUWDNHQ YDOLGDWLRQWRJHWKHUZLWK7DVN&

7DVN&x 'HVLJQRIGDWDVHWVIRUWKHVSDWLDODQDO\VLVRIUHDORXWEUHDNVRI&6)LQ%HOJLXP*HUPDQ\DQG7KH1HWKHUODQGVx 'HVLJQRIWKHVSDWLDODQDO\VLVRIUHDORXWEUHDNVRI&6)x 3URFHGXUHIRUVSDWLDODQDO\VLVRIUHDORXWEUHDNVRI&6)x 'HVLJQRIDSURFHGXUHWRFRPSDUHWKHUHVXOWVRIWKHDQDO\VLVRIUHDORXWEUHDNVDQGWKHULVNUDQNLQJRIWKHDUHDVx 9DOLGDWLRQRIULVNUDQNLQJZLWKUHVXOWVRIVSDWLDODQDO\VLVRIUHDORXWEUHDNVx 5HGHILQLWLRQ RI ULVN UDQNLQJ DOJRULWKPV EDVHG RQ WKH RXWFRPH RI XQGHUWDNHQ YDOLGDWLRQWRJHWKHUZLWK7DVN%7DVN'x 6LPXODWLRQPRGHOIRULQWURGXFWLRQDQGVSUHDGRI&6)LQWRDUHJLRQx 6SDWLDODQGVWRFKDVWLFVLPXODWLRQPRGHOWRHYDOXDWHGLVHDVHFRQWUROVWUDWHJLHVIRU&6)x 'HVLJQ RI D SURFHGXUH LQ RUGHU WR LQWHJUDWH WKH VLPXODWLRQPRGHOV IRU LQWURGXFWLRQ DQGVSUHDGRI&6)ZLWKHFRQRPLFPRGHOVx 'HILQLWLRQRILQWHUHVWLQJSUHYHQWLRQDQGFRQWUROVWUDWHJLHVIRU&6)x &RVWEHQHILWDQDO\VLVRISUHYHQWLRQDQGFRQWUROVWUDWHJLHVIRU&6)x *HQHUDOLVHGPRGHODSSURDFKWRRWKHUQRWLILDEOHGLVHDVHVEHJLQQLQJZLWK)0'x &RVWEHQHILWDQDO\VLVRISUHYHQWLRQDQGFRQWUROVWUDWHJLHVIRU)0'x 5HGHILQHGSUHYHQWLRQ DQG FRQWURO VWUDWHJLHV DSSURSULDWH IRU GHQVHO\ SRSXODWHG OLYHVWRFNDUHDV
7KHIROORZLQJWHFKQLFDOGHOLYHUDEOHVZHUHSURGXFHGx 5HSRUW ZLWK DQ H[WHQVLYH UHYLHZ DQG V\QWKHVLV RI UHOHYDQW GDWD LQ GHQVHO\ SRSXODWHGOLYHVWRFNDUHDV7DVN$x 5HSRUWRIWKHSURSRVHGQHZDSSURDFKDQGGDWDEDVHVWRLGHQWLI\GHQVHO\SRSXODWHGOLYHVWRFNDUHDVLQFOXGLQJFRQYHUVLRQWDEOHVIRUDQLPDOVWRFDOFXODWHDQLPDOGHQVLW\7DVN$x &RPSXWHULVHG WRROER[ IRU WKH LGHQWLILFDWLRQDQGDQDO\VLVRIGHQVHO\SRSXODWHG OLYHVWRFNDUHDV7DVN$x 'DWDFROOHFWLRQV\VWHPIRUTXDOLWDWLYHDQGRQIDUPDQLPDOGLVHDVHULVNIDFWRUV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ZKLFK DUH RI PLQRU LPSRUWDQFH ZKHQFRPSDUHGWRDOORWKHUFRVWVDQGORVVHV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